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PREFACE. 


No  science  is  more  generallj  interesting  than 
that  which  explains  the  common  phenomena  of 
life.  We  see  that  salt  and  snow  are  both  white, 
a  rose  red,  leaves  green,  and  the  violet  a  deep 
purple ;  bat  how  few  persons  ever  ask  the  reason 
why !  We  know  that  a  flute  prodnoes  a  mnsioal 
sound,  and  a  cracked  bell  a  discordant  one — ^that 
fire  is  hot,  ice  cold,  and  a  candle  luminous — that 
water  boils  when  subjected  to  heat,  and  freeies 
from  cold ;  but  when  a  child  looks  up  into  our  face 
and  asks  us  "  why  " — how  many  times  is  it  silenced 
with  a  frown,  or  called  'Wery  foolish  for  asking 
such  silly  questions  I"  The  object  of 'the  present 
book  is  to  explain  about  2000  of  these  questions 
(which  are  often  more  easily  asked  than  answered) 
in  language  so  simple  that  a  child  may  understand 
it,  yet  not  so  childish  as  to  offend  the  scientifio. 
In  order  to  secure  the  strictest  accuracy  in  the 
answers,  the  most  approved  modern  authors  have 
been  consulted,  and  each  edition  has  been  submitted' 
to  the  revision  of  gentlemen  of  acknowledged  repu- 
tation for  scientific^  attainments.  Sincere  thanks 
are  due  to  the  Rev.  A.  Bath  Power,  M.  A., 
and  to  BoBERT  James  Mann,  Esq..  M.  B.  G.  S.,  of 
Buxton,  for  their  most  careful  revisions  of  the 
whole  book,  for  many  excellent  hints  and  udSeful 
additions.  In  conclusion,  the  almost  unparalleled 
success  of  this  little  volume,  of  which  25,000  copies 


▼I  PR£FACEi 

have  been  printed,  since  the  year  1848,  is  an  in- 
controvertible proof  of  its  acceptability;  and  has 
induced  the  author  to  spare  neither  labor  nor  cx- 

I)ense  to  render  his  "  Guide  to  the  Scientific  Know- 
edge  of  Things  Familiar"  instructive  and  amusing 
to  the  young,  as  well  as  to  those  of  maturer  life. 

To  teachers  of  schools  it  may  be  advisable  to 
state,^  that,  as '  every  question  has  been  agaiiw  and 
again  submitted  to  a  most  rigid  investigation,  no 
material  alterations  will  be  made  in  future  editions. 


A  remarkable  Instance  came  before  the  author  a  few 
months  since  of  the  statement  made  in  the  early  part  of 
this  preface.  The  conversation  was  about  smoke — ^why  it 
was  black,  and  not  white  like  the  fine  dust  of  lime.  A 
little  child  who  was  present,  asked,  "Why  is  the  kettle  so 
black  with  smoke  1"  Her  papa  answered,  •'  Because  it 
has  been  on  the  fire ;"  "  But"  (urged  the  child)  "  what  is 
the  good  of  its  being  black  1"  The  gentleman  replied, 
**  Silly  child— you  ask  very  foolish  questions — sit  down 
and  hold  your  tongue."  He  might  have  read  pp.  186, 
and  186,  and  answered  the  child  more  discreetly. 


The  AlMerican  Publishers  offer  their  revised  edition 
of  this  useful  book,  in  AiU  confidence  that  it  will  meet 
with  an  equal  and  universal  acceptance  both'  in  families 
and  schools,  throughout  this  country.  They  believe  it 
will  be  found  to  contain  an  amount  of  usefhl  information 
never  before  collected  in  a  shape  so  convenient  for  study, 
and  so  easy  fop  reft^rence. 
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PABT  I. 
HEAT. 

INTRODUCTION. 

ft.      ^^Wh(U  is  HEAT  ? 

A.     The  sensation  of  warmth. 

Q.  Haw  is  this  sensation  produced  f 
A.  When  we  touch, a  substance  hot* 
te?f  than  ourselves,  a  subtile  invisible 
stream  flows  from  the  hotter  substancey 
and  produQes  on  our  nerves  the  "  sensa- 
tion of  warmth." 

Q.  Wha4  is  thai  ^ svibtiU  invisibU  stream^ 
CALLED,  wkuh  flows  from  the  hotter  substance  f 

A.  Caloric.  Oodoric^  therefore,  is 
the  agent,  which  produces  the  sensation 
oftcarmth;  but  Heat  is  the  sensation 
itself, 

Q.  What  are  the  four  principal  sources  of 
heat? 

A.  1.— The  Sun.  2.— Electricity. 
3. — Chemical  Action ;  and  4. — ^Mechan- 
ical Action. 

(!•)  9 


10  HEAT. 

Q.       What  are  the  principal  effects  of  heat  f 
A.     Expansion,  Liquefaction,  Vapor- 
ization, and  Ignition. 


CHAPTER  I. 

THE   SUN. 

Q.       WTiat  is  the  principal  source  of  heat  ? 
A.     The  Sun. 

Q.  Whii/  do  BURNING  GLASSES  set  fire  to  sulh 
dances  submitted  to  their  power? 

A.  Because,  when  tjie  rays  of  the 
Sun  pass  through  the  burning  glass,  they 
are  bent  toward  orie  pointy  called  the 
"  focus ;"  in  consequence  of  which,  the 
light  and  heat  at  this  point  are  very 
greatly  increased. 

Q.  Why  is-  there  a  dark  rih  round  this 
focus? 

A.  Because  the  rays  of  light  are 
bent  from  the  rim  into  the  focus;  and, 
as  the  rim  is  deprived  of  t/iese  rays,  it  is 
darkened. 

(^      Are  ALL  the  rays  berU  into  one  point  ? 

A.  Not  quite  all :  and,  therefore,  the 
irim  round  the  focus  is  not  quite  black, 
but  only  dim. 


LIGHTNING.  19 

Q.       Why  is  it  dangerous  io  be  nbae  a  trks, 

9r  lofly  building,  during  a  thunder-storm  f 

A.  Because  a  tall  pointed  object  (like 
a  tree  or  spire)  will  frequently  discfiarge 
a  lightning-cloud  ;  and  if  any  one  were 
standing  near,  the  lightning  might  di- 
verge from  the  tree,  and  pass  through 
the  fluids  of  the  human  body. 

Q.  How  can  a  tree  or  spire  discharge  a 
lightning-doud  ? 

A.  A  lightning-cloud  (floating  over 
a  plain)  may  be  too  far  off  to  be  dis- 
charged by  it ;  but,  as  a  tree  or  spire 
would  shorten  this  distance,  it  might  no 
longer  be  too  far  off*  to  be  discharged. 

For  example.  If  a  lightning-doad  were  700  yards 
above  the  earth,  it  would  be  too  far  of  lobe  dischargfed : 
but  a  tree  or  spire  50  yards  high  would  make  the  cloud 
only  650  yards  off  a  conductor;  in  consequence  of  which, 
the  cloud  would  be  instantly  discharged. 

Q.      Js  not  AIR  a  conductor  of  lightning  f 

A.     No ;  dry  air  is  no^  a  conductor  of 

lightning. 

Q.  Why  would  lightmng  fly  from  a  tree  or 
spire,  into  a  man  standing  near  ? 

A.  Because  the  electric  fluid  (called 
lightning)  always  chooses  for  its  path  the 
best  conductors.;  and,  if  the  human  fluids 
proved  the  better  conductor,  would  pass 
through  the  man  standing  near  the  tree, 
rather  than  down  the  tree  itself 
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There  would  be  no  danger  if  the  tree  or  spire  were 
made  of  7)16101 ;  because  metal  is  a  better  conductor  than 
the  human  fluids. 

Q.  Does  lightning  go  through  the  inside^  or 
down  the  outside  of  a  tree? 

A.  It  runs  down  the  outside  of  a  tree  ; 
but  passes  through  the  inside  of  a  man. 

Q.  Whp  does  lightning  pass  down  the  outside 
of  a  tree  1 

A.  Because  it  always  makes  choice 
of  the  best  conductors ;  and  the  outside 
of  a  tree  is  a  better  conductor  than  the 
inside. 

Q.  Why  does  lightning  pass  through  the  in- 
side of  a  man  ? 

A.  Because  the  fluids  of  the  human 
body  make  a  better  conductor  than  the 
sJcin  ;  therefore,  lightning  passes  through 
a  man,  and  not  down  his  skin. 

Q.  Why  is  it  dangerous  to  be  near  a  deep 
RIVER,  or  any  other  running  water,  during  a  thun- 
der-storm ? 

A.  Because  running  water  is  a  good 
conductor;  and  lightning  always  takes 
in  its  course  the  best  conductors. 

.  Q.  Why  is  it  dangerous  for  a  man  to  be  near 
WATER  hi  a  thunder-storm  1 

A.  Because  the  height  of  a  man  may 
be  sufficient  to  discharge  a  cloud  :  and 
(if  there  were  no  taller  object  nigh)  the 
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ligbtning"  mi^ht  make  the  man  its  con- 
ductor to  the  water. 

See  note  on  p.  19. 

Q.  Why  is  it  dangerous  to  eino  church 
BELLS  during  a  thunder'Storm  f 

A.  For  two  reasons :  1st — Because 
the  steeple  may  discharge  the  lightning- 
cloud,  merely  from  its  lieiglU  ;  and 

2dly-i-As  the  swinging  of  the  bells 
puts  the  air  in  motion,  it  diminishes  its 
resistance  to  the  electric  fluid. 

Q.  Why  is  it  unsafe  to  run  or  drive  fast 
during  a  thunder-storm  ? 

A.  Because  it  produces  a  current  of 
air ;  and,  as  air  in  motion  affords  less 
resistance  to  the  flash,  it  is  a  better  con- 
ductor than  air  in  a  stale  of  rest, 

Q.  Wh^  parts  of  a  dwelling  are  most  dan- 
gerous during  a  thunder-storm  ? 

A.  The  fire-place,  especially  if  the 
fire  be  lighted;  the  attics  and  cellar.  It 
is  also  imprudent  to  sit  close  by  the 
walls,  to  ring  th^bell,  or  to  bar  the  shut- 
ters, during  a  thunder-storm. 

Q.  Why  is  it  dangerous  to  sit  before  a 
fire  during  a  thunder-storm  ? 

A.  Because  the  heated  air  and  soot 
are  conductors  of  lightning;  especially 
when  connected  with  such  excellent 
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conductors  as  the  stove,  fender  and  fire* 
irons. 

Q.  WTiy  are  attics  and  cellars  more  dan- 
gerous in  a  thunder-storm^  than  the  middle  story 
of  a  house  ? 

A.  Because  lightning  sometimes  pass- 
es/ram the  clouds  to  the  earth,  and  some- 
times from  the  earth  to  the  clouds ;  in 
either  cases  the  middle  story  would  be 
the  safer  place. 

Q.       When  does    lightning   pass    from    thb 

EARTH  to  the  CLOUDS  ? 

A.  When  the  clouds  are  in  a  "nega- 
tive" state  of  electricity. 

Q.       When  does  lightning   pass    prom    thb 

CLOUDS  to  the  EARTH  ? 

A.  When  the  clouds  are  in  a  "  posi- 
tive" state  of  electricity. 

Q.  What  is  meant  by  the  clouds  being  in  a 
^positive  slate  of  electricity  ?" 

A.  When  the  clouds  contain  more 
electric  fluid  than  they  generally  do,  they 
are  said  to  be  in  a  ^^  positive  state  of  elec- 
tricity." 

Q.  What  is  meant  by  the  clouds  being  in  a 
"  negative  state  of  electricity  ?" 

A.  When  the  clouds  contain  less 
electric  fluid  than  they  ought  to  do,  they 
are  said  to  be  in  a  "  negative  state  of 
electricity." 
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A.  Because  the  electric  fluid  pro- 
duces an  dcthn  upon  the  nerves  sufficient 
to  injure  them,  but  not  to  destroy  Ufe. 

Q.  What  is  THUNDER  ? 

A.  The  noise  made  by  the  concussion 
of  the  air  when  it  closes  ag-ain,  after  it 
has  been  parted  by  the  lightning  flash. 

« A  part  of  the  noise  is  owing  to  certAin  physical  and  cAa»- 
ical  changes  produced  in  the  air  by  the  electric  fluid. 

Q.  Whi/  does  lightning  part  the  air  through 
Mich  it  passes  ?  it  does  not  part  a  rod  of  iron. 

A.  As  iron  is  a  conductor^  it  allows 
the  fluid  to  pass  freely  over  it ;  but  air 
(being  a  non-conductor)  resists  its  pas- 
sage. 

Q.       Wh7/  is  THUNDER  sometimes  one  VAsr 

CRASH  ? 

A.  Because  the  lightning-cloud  is 
near  the  earth  ;  and  as  all  the  vibrations 
of  the  air  (on  which  sound  depends) 
reach  the  ear  at  the  same  moment^  they 
seem  like  one  vast  sound. 

Q.  Why  is  the  teill  sometimes  an  lE&EOULiJi, 
broken  roar  ? 

A.  Because  the  lightning-cloud  is  a 
long  way  off*;  and  as  some  of  the  vibra- 
tions of  the  air  have  much  further  to 
travel  than  others,  they  reach  the  ear  at 
different  times^  and  produce  a  continiums 
sound. 
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Q.       Which  vibrations  will  be  soonest  heard  f 

A.  Tiiose  produced  in  the  lowest  por- 
tions of  the  air. 

Q.  Why  will  those  vibrations  be  heard  first, 
which  are  made  last  ? 

A.  Because  the  flash  (  which  produces 
the  sound)  is  almost  instantaneous^  but 
sound  takes  a  whole  second  of  time  to 
travel  380  yards. 

Q.  J^  a  thunder-cloud  were  1900  yards  off^ 
how  long  wotUd  the  peal  last  ? 

A.  Five  seconds :  we  should^rs^  hear 
the  vibrations  produced  in  those  portions 
of  the  air  contiguous  to  the  earth ;  then 
those  more  remote ;  and  it  would  be  5 
seconds  before  those  vibrations  reached 
us,  which  were  made  in  the  immediate 
vicinity  of  the  cloud. 

380  X  &  =  1900. 
A  popular  method  of  telling  how  far  the  storm  is  off  is 
ttiis— Immediately  you  see  the  flash,  put  your  hand  upon 
your  pulse,  and  countrhow  many  times  it  beats  before  ^on 
near  the  thunder:  if  it  beats  6  pulsations,  the  storm  is  1 
mile  off;  if  12  pulsations,  it  is  2  miles  off,  and  so  on. 

Q.  W%y  is  the  thunder  sometimes  like  a  deep 
OROWL  ? 

A.  Because  the  storm  is  far  distant^ 
and  the  sound  of  the  thunder  indistinct. 

Q.  Is  not  the  sound  of  thunder  affected  by 
LOCAL  circumstances  ? 

A.  Yes;  the  falter  the  country,  the 
more  unbroken   the  peal.      Mountain 
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scenery  breaks  the  peal,  and  makes  it 
harsh  and  irregular. 

Q.       What  is  the  cause  of  rolling  thunder? 

A.  The  vibrations  of  air  (having  dif- 
ferent  lengths ^o  travel)  reach  the  ear  at 
successive  intervals. 

The  reverberation  (or  echo)  amongst  the  masBiye  douds 
-    contributes  in  some  measure  to  this  effect. 

Q.  Why  is  a  flash  of  lightning  generdUy  fol- 
lowed by  POURING   RAIN  ? 

A.  The  flash  produces  a  change  in 
the  physical  condition  of  the  air,  rendering 
it  unable  to  hold  so  much  water  in  solu- 
tion as  it  could  before  ;  in  consequence 
•of  which,  a  part  is  given  off  in  heavy 
rain, 

Q.  Why  is  a  flash  of  lightning  generally  fol- 
lowed  by  a  gust  of  wind  ? 

A.  Because  the  physical  condition  of 
the  air  is  disturbed  by  the  passage  of  the 
lightning,  and  wind  is  the  result  of  this 
disturbance. 

Q.       Why  is,  there  no  thunder  to  what  is  called 

RUMMER   LIGHTNING  ? 

•  A.  Because  the.  lightning-clouds  are 
so  far  distant,  that  the  sound  of  the  thun- 
der is  lostj  before  it  reaches  the  ear. 

Q.  Do  THUNDER-BOLTS  evBT  drop  froM  the. 
clouds? 

A.     No ;   the  notion  of  thunder-bolts 
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arises,  either  from   the  globular  form 
which  lightning-  sometimes  assumes ;  or 
else  from  the  gaseous  Jire-balls,  which 
^sometimes  fall  from  the  clouds. 

Sae  page  13. 
Q.       Why  is  the  thunder  often  several  moments 

AFTER    the  FLASH? 

A.  Because  it  has  a  long  way  to 
come.  Lightning  travels  nearly  a  mil- 
lion times  faster  than  thunder ;  if,  there- 
fore, the  thunder  has  a  long  way  to  come^ 
it  will  not  reach  the  earth,  till  a  consi- 
derable time  after  the  flash, 

Q.  Can  we  not  tell  the  distance  of  a  thunder- 
cloud, by  observing  the  inierval  which  elapses  belibeeit 
the  flash  and  the  peal  ?  • 

A.  Yes  ;  the  flash  is  instantaneous^^ 
but  thunder  will  take  a  whole  second  of 
time  to  travel  380  yards :  hence,  if  the 
flash  be  5  seconds  before  the  thunder, 
the  cloud  is  1900  yards  off*.     (See  note, 

P..16.)    ; 

i.e.  880X5  =  1900 yards. 
Q.      What  PLACES  are  most  dangerous  during 
a  storm  ?  I 

A.  It  is  very  dangerous  to  be  near  a 
tree,  or  lofty  building  ;  and  also,  to  be 
near  a  river,  or  any  running  water. 

*  The  speed  of  lightning  is  so  great,  that  it  would  go 
480  times  round  the  earth  in  one  minute :  whereas  thun- 
der would  go  scarcely  13  miles  in  the  same  space  of  time. 
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CHAPTER  II. 

SLEOTRIOITT. 

Q.       What  is  the  second  chi^  soutu  of  hiai  t 
'    A.     Electricity. 
Q.       What  is  lightning  ? 

A.  Lig'htning  is  accumiUated  eteo 
tricky  discharged /rom  the  clouds. 

Like  that  from  a  "  Leyden  jar." 
Q.       What  CAUSES  the  discharge  of  an  dedric 
doud? 

A.     \Yhen  a  cloud,  overcharged  with 
electric  fluid,  approaches  another  which 
.is  undercharged,  the  fluid  rushes  from 
the  former  into  the  latter,  till  both  con- 
tain the  same  quantity. 

N.  B.  It  is  generally  supposed  that  there  are  two  dif- 
ferent sorts  of  Electricity — one  Vitreons,  and  the  other 
Resinous.     , 

Q.  Is  there  any  other  cause  of  lightningj  be» 
sides  the  one  jiist  mentioned  f 

A.  Yes ;  sometimes  mountains,  trees, 
and  steeples,  will  discharge  the  light- 
ning from  a  cloud  floating  near ;  and 
sometimes  electric  fluid  rxxshe^  ofut  of  the 
earth  into  the  clouds. 

Q.       WhM produces  "BJjECTKicnY in  the  0J.0VT>s% 

A.  1st — The  evaporlUion  fit)m  the 
earth's  surface ; 
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2dly — The  cfwmical  changes^  which 
t^ike  place  on  the  earth's  surface  ;  and 

3dly — Currents  •  of   air    of    unequal 

temperature,  which  excite  electricity  by 

friction^  as  they  pass  by  each  other. 

Q.  How  HIGH  are  the  lightning  clouds^ 
from  the  earth  ? 

A.  Sometimes  they  are  elevated  4 
or  5  miles  high ;  and  sometimes  actually 
touch  the  earth  with  one  of  their  edges : 
but  they  are  rai:ely  discharged  in  a  thun- 
der storm,  when  they  are  more  than 
700  yards  above  the  surface  of  the 
.  earth. 

Q.      How  high  a/re  the  clouds  generai^ly  1 

A.  In  a  fine  day,  the  clouds  are 
often  4  or  5  miles  above  our  heads  ;  but 
the  average  height  of  the  clouds  is  from 
H  to  2  miles. 

Q.       Why  is  lightning  sometimes  forked  ? 

A.  Because  the  lightning-cloud  is  a 
long  way  off;  and  the  resistance  of  the 
air  is  so  great,  that  the  electrical  cur- 
rent is  diverted  into  a  zig-zag  course. 

Q.  How  does  the  resistance  cf-the  air  make  the 
lightning  zig-zag  ? 

A.  As  the  lightning  condenses  the 
air  in  the  immediate  advance  of  its  path, 
it  flies  from  side  to  side,  in  order  to  pass 
where  there  is  the  least  resistance. 


LIGHTNING.  13 

Q.  Why  are  there  sometimes  two  flashes  cf 
forked  lightning  at  the  same  moment  f 

A.  Because  {in  very  severe  storms) 
the  flash  will  divide  in/o  ttoo  or  more 
parts  ;  each  of  which  will  assume  the 
zig-zag  form. 

Q.     Why  is  the  flash  sometimes  quite  str  AiGirr  ? 

A.  Because  the  lightning-cloud  is 
near  the  earth  ;  and,  'as  the  flash  meets 
with  very  little  resistance,  it  is  not 
diverted;  (in  other  words)  the  flash  is 
straight. 

Q.  WluU  is  SHEET  LIGHTNING  ? 

^  A.  Either  the  rejlection  of  distant 
flashes  not  distinctly  visible;  or  else 
several  flashes  intermingled. 

Q.  What  OTRER  form  does  lightning  occasion- 
ally^assume  ? 

A.  Sometimes  the  flash  is  globular  ; 
which  is  the  most  dangerous  form  of 
lightning. 

Q.  What  are  those  balls  of  fire,  which 
sometimes  fall  to  the  earth  in  a  thunder-storm  ? 

A.  Masses  of  explosive  gas,  formed 
in  the  air :  they  generally  move  more 
slowly  than  lightning. 

Q.       Why  are  balls  of  fire  so  very  danger- 
ous? 
A.     Because,   when  they  fall,   they 
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explode  like  a  cannon ;   and  occasion 
much  mischief. 

Q.  Do  these  balls  of  fire  ever  run  along  the 
ground  ? 

A.  Yes ;  sometimes  they  run  a  con- 
siderable way  along  the  ground,  and 
explode  in  a  mass  : 

At  other  times  they  split  into  nume- 
rous smaller  balls,  each  of  which  explodes 
in  a  similar  manner. 

Q.  WTiai  MISCHIEF  tmll  these  balls  of  fire 
produce  ? 

A.  They  will  set  houses  and  barns 
on  fire;  and  kill  all  cattle  and  human 
beings,  which  happen  to  be  in  their 
course. 

Q.  Why  does  lightning  sometimes  kill  m^n 
and  beasts  ? 

A.  Because  (when  the  electric  cur- 
rent passes  through  a  man  or  beast)  it 
produces  so  violent  an  action  upon  the 
nerves,  that  it  destroys  life. 

Q.  When  is  a  person  struck  dead  by  light- 
ning 7 

A.     Only  when  his  body  forms  a  part 

of  the  lightning^ s  path  ;  i.  e.  when  the 

electric  fluid  (in  its  way  to  the  earth) 

actually  passes  through  his  body. 

Q.  Why  are  men  sametirhes  maimed  by  light- 
ning ? 


LIOHTNINO.  fa 

Q.  Does  the  JUbsh  proceed  from  a  negative  or 
POSITIVE  bodj/  ? 

A.  Always  from  a  positive  body ; 
that  is,  from  one  orer-charged  with  elec- 
tric fluid. 

It  is  generally  thought  that  there  are  two  sorts  of  elec- 
tricity, one  called  vitreous,  corresponding  to  positive  elec- 
tricity ;  and  the  other  called  rebinous,  corresponding  to 
negative  electricity. 

Q.  When  lightning  flashes  from  the  earth  to 
the  clouds,  what  is  the  flash  called  ? 

A.  it  is  popularly  called  the  "return- 
ing stroke ;"  because  the  earth  (being 
over-charged  with  electric  fluid)  retu'f'ns 
the  surplus  quantity  to  the  clouds. 

Q.  Why  is  it  dangerous  to  lean  against  a 
WALL  during  a  thunderstorm  ? 

A.  Because  the  electric  fluid  will 
sometimes  run  down  a  wall ;  and  (as  a 
man  is  a  bet^pr  conductor  than  a  loall) 
would  leave  the  waM,  and  run  down  the 
man. 

Q.  Why  is  it  dangerous  to  ring  a  bell  dur* 
ing  a  tjmnder^storm  1 

A.  Bell-wire  is  an  exceUent  conduc- 
tor;  and  (if  a  person  were  to  touch  the 
bell-handle)  the  electric  fluid,  passing 
down  the  wire,  might  run  through  his 
hand  and  injure  it 

iQ.  Why  taotdd  "the  Ugktmng  Tien  through  a 
man  touching  a  beU-haTidU.? 
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A.  Because  the  human  body  is  a 
better  conductor  than  the  wall  (between 
the  bell-handle  and  the  floor) ;  and  as 
lightning  always  chooses  the  best  con- 
ductor for  its  palh,  it  would  ("in  this  case) 
pass  through  the  man^  and  injure  him. 

Q.  Why  is  it  dangeeous  to  bar  a  shutter 
during  a  tkunder-storm  ? 

A.  Because  the  iron  shutter-bar  is  an 
excellent  conductor  ;  and  the  electric  fluid 
might  run  from  the  bar  through  the  per- 
son  touching  it,  and  injure  him. 

Q.  Why  is  it  dangerotbs  to  be  in  a  crowd 
dwring  a  thunder-storm? 

A.  For  two  reasons  :  1st — Because 
a  mass  of  people  forms  a  better  conductor 
than  an  individual ;  and 

2dly — Because  the  vapor  arising  from 
a  crowd  increases  its  conducting  power. 

Q.  Why  is  a  mass  of  bodies  a  better  conductor 
than  a  single  body  ? 

A.  JSach  living  body  is  a  conductor 
of  electricity;  and  a  connected  mass  of 
such  conductors  is  more  likely  to  be 
struck,  than  a  rnigh  individual. 

Q.  Why  is  the  danger  increased  by  the  vapor 
V}hich  rises  from  a  crowd? 

A.  Because  vapor  is  a  conductor; 
and  the  more  conauc^or^  there  are,  the 
greater  the  jclanger  will  be. 
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Q.       Why  is  a  theatre  dangerous  during  a 

thunder-storm  f 

A.  Because  the  crowds  and  great  vor 
por  arising^  from  so  many  living  bodies, 
render  it  an  excellent  conduciar  of  light- 
ning. 

-  Q.      Why  is  a  plock  of  sheep  in  greater  (ktn- 
ger  than  a  smaller  number  ? 

A.  1st — Because  each  sheep  is  a  canr 
ductor  of  lightning-,  and  the  conducting 
power  of  the  Jl(fck  is  increased  by  its 
numbers :  and 

2dly — ^The  very  vapor  arising  from  a 
flock  of  sheep  increases  its  conducting 
power,  and  its  danger. 

Q.  Why  is  a  herd  qf  cattle  in  danger  during 
a  storm  ? 

A.  1st — Because  the  nwmber  of  living 
bodies  increases  the  conducting  power 
of  their  animal  fluids :  and 

2dly— The  very  vapor  arising  from  a 
herd  increases  its  conducting  power. 

Q.  If  a  person  be  abroad  in  a  thunder-storm^ 
what  place  is  the  safest  ? 

A.  Any  place  about  20  or  30  feet 
from  some  tall  tree  or  building ;  except 
it  be  near  to  running  water. 

Q.  Why  would  it  be  safe  to  stand  20  or  30 
feet  from  some  tall  tree^  in  a  thunder-storm  ? 

A.    Because  the  lightning  would  al- 

2 
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ways  choose  the  tall  tree  as  a  conductor; 
and  we  should  not  be  sufficiently  near 
the  tree,  fdr  the  lightning  to  diverge  from 

it  to  ILS. 

Q.  ^  a  person  be  in  a  carriage  in  a  thun- 
der-storm^  in  wf^  Ajoay  can  he  travel  most  safely  ? 

A.  He  should  not  lean  against  the 
carriage  ;  but  sit  upright,  without  touch- 
ing any  of  the  four  sides. 

Q.  Why  should  not  a  person  lean  against  the 
carriage  in  a  storm  ? 

A.  Because  the  electric  fluid  might 
run  down  the  sides  of  the  carriage  ;  and 
(if  a  person  were  leaning  against  them) 
would  make  choice  of  him  for  a  conduct- 
or, and  perhaps  destroy  life. 

Q.  If  a  perso7i  be  in  a  house  during  a  thun' 
der-storm,  what  place  is  safest  ? 

A.     Any   room   in  the  middle  story.  * 
The  middle  of  the  room  is  best ;  espe- 
cially if  you  place  yourself  on  a  mat- 
tress, bed,'or  hearth-rug. 

Q.  Why  is  the  middle  story  of  a  house  saf- 
est in  a  thunder-storm  ? 

A.  Because  the  fluid  (if  it  struck  the 
house  at  all)  would  be  aifFused  among 
the  several  conductors  of  the  upper  part 
of  the  house,  before  it  reached  the  mid- 
dle story ;  in  consequence  of  which,  its 
force  would  be  weakened. 


LIGHTNING.  27 

Q.  Why  is  the  middle  cfthe  rook  more  safe 
than  any  other  part  of,  it,  in  a  thun4ei^storm  ? 

A.  Because  the  lig-htning-  (if  it  struck 
the  room  at  all)  would  come  down  the 
chimney,  or  walls  of  the  room ;  and, 
therefore,  the  further  distant  from  these, 
the  better. 

Q.  Why  is  a  matt5j:s8,  bed,  or  hearth- RUO 
a  good  security  against  injury  from  lightning  ? 

A.  Because  they  are  all  non-conductr 
ors ;  and,  as  lightning  always  makes 
choice  of  the  best  conductors,  it  would 
not  choose  for  its  path  such  things  as 
these. 

Q.  Is  it  better  to  be  wet  or  dry  during  a 
'  storm  f 

A.  To  be  wet :  if  a  person  be  in  the 
open  field,  the  best'  thing  he  can  do,  is 
to  stand  about  20  feet  from  some  tree, 
and  get  completely  drenched  to  the  skin, 

Q.       Why  is  it  better  to  be  wet  than  dry  ? 

A.  Because  wet  clothes  form  a  better 
conductor  than  the  Jluids  of  our  body  ; 
and,  therefore,  lightning  would  pass 
down  our  wet  clothes,  without  touching 
our  body  at  all. 

Q.  What  is  the  safest  thing  a  person  can  do, 
to  avoid  injury  from  lightning? 

A.  He  should  draw  his  bedstead 
into   the   middle  of  the  room,  commit 
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himself  to  the  care  of  Grod,  and  go  to 
bed ;  remembering  that  our  Lord  has 
said,  "  The  very  hairs  of  your  head  are 
all  numbered." 

N.  B.  No  great  danger  needs  really  to  be  apprehended 
from  lightning,  if  you  avoid  taking  your  position  near  tall 
trees,  spires,  or  other  elevated  objects.  • 

Q.     What  is  a  lightning-conductor  ? 

A.  A  metal  rod  fixed  in  the  earth, 
junning  up  the  whole  height  of  a  build- 
ing, and  rising  in  a  point  above  it. 

Q.       What  metal  is  the  best  for  this  purpose  ? 
A.     Copper  makes  the  best  conductor. 

Q.       Why  is  COPPER  better  than  iron  T 

A.  1st — Because  copper  is  a  better 
conductor  than  iron : 

2dly — It  is  not  so  easily  fused  or 
melted:  and 

3dly — It  is  not  so  much  injured  by 
weather. 

Q.       What  is  the  use  of  a  lightning'COTidudor  ? 

A.  As  metal  is  a  most  excellent  con- 
ductor, lightning  (which  makes  choice 
of  the  best  conductors)  will  run  down  a 
metal  rod^-  rather  than  the  walls  of  the 
building. 

Q.  How  FAR  toiU  the  beneficial  influence  of  a 
Ughtning-candtbctor  extend  ? 

A.    It  will  protect  a  space  all  round, 
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4  times  the  length  .of  that  part  of  the  rod 
which  rises  above  the  building.- 
Q.       Give  me  an  example, 

A.  If  the  rod  rise  2  feet  above  the 
house,  it  will  protect  the  building  for  (at 
least)  8  fe^t  all  round. 

Q.  Why  are  not  ligktning-conduclors  more 
generally  used  ? 

A.  Because  many  accidents  have 
arisen  from  conductors  of  defective  con- 
struction. 

Q.      How  can  lighining-condticlors  be  produe* 

iiveofoAKxl 

A.  If  the  rod  be  broken  by  weather 
or  accident,  the'  electric  fluid  (being 
obstructed  in  its  path)  will  damage  the 
building. 

Q.  Is  there  any  otXer  evil  to  be  apprehended 
from  a  lightning-rod  t 

A.  Yes ;  if  the  rod  be  not  big  enough 
to  conduct  the  whole  current  to  the  earth, 
the  lightning  will  fuse  the  metal,  and 
injure  the  building. 

The  conducting  rod  should  be  (at  least)  one  inch  in  di- 
ameter. 

Q.  How  does  lightning  sometimes  knock 
DOWN  HOUSES  aThd  churches  f 

A.  The  steeple  or  chimney  is  first 
struck ;  the  lightning  then  darts  to  the 
iron  bars  and  cramps,  employed  in  the 
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building ;  and  (as  it  darts  from  bar  to 
bar)  shatters  to  atoms  the  bricks  and 
stones  which  oppose  its  progress. 

Q.  Can  you  tell  me  how  St.  Bride^s  Church 
(London)  was  nearly  destroyed  by  lightning,  about 
100  years  ago  ? 

A.  The  lightning  first  struck  the 
metal  vane,  and  ran  down  the  rod ;  it 
then  darted  to  the  iron  crar^ips,  employed 
to  support  the  building ;  and  (as  it  flew 
from  bar  to  bar)  smashed  the  stones  of 
the  church  which  lay  between. 

Q.  Why  did  the  lightning  Jty^abou^  from 
place  to  place,  and  not  pdss  dawn  in  a^ straight 
course  ? 

A.  Because  it  always  takes  in  its 
course  the  best  conductors ;  and  will  fly 
both  right  and  left,  in  order  to  reach 
them. 

Q.  Why  does  lightning  turn  milk  sour  7 
A.  Lightning  causes  the  gases  of  tKe 
air  (through  which  it  passes)  to  combine^ 
and  thus  produces  a  poison,  called  nitric 
acid  ;  some  small  portion  of  which,  mix- 
ing with  the  milk,  turns  it  sour.* 

*  The  air  is  composed  of  two  gases,  called  oxygen  and 
nitrogen,  mixed  together,  but  Tiot  combiried.  Oxygen  com- 
bitied  with  nitrogen,  produces  five  deadly^  poisons,  viz.— 
nitrous  oxide,  nitric  oxide,  hyponitrous  acid,  nitrous  acid, 
and  nitric  acid,  according  to  the  proportion  of  each  gas  in 
the  combination. 


LIOHTIflNO. 


di 


N.  B.    SometimeB  the  mere  heat  of  the  ^ir,  daring  the 
ftorm,  turns  milk  sour. 

Q.  What  is  the  difference  between  combininq 
and  HixiNQ  ? 

A.  When  different  ingredients  are 
mingled  together  without  undergoing  any 
chemical  change^  they  are  said  to  be 
mixed  ;  but  when  the  natural  properties 
of  each  are  altered  by  the  union^  then  those 
ingredients  are  said  to  be  combined, 

Q.       Give  me  an  example. 

A.  Different  colored  sands  (shaken  to- 
gether in  a  bottle)  will  mix  together,  but 
not  combine:  but  water  poured  on  quick- 
lime, will  combine  with  the  lime,  and  not 
mix  with  it. 

Q.  Why  are  different  grains  of  sand  said  to 
be  MIXED,  when  they  are  shaken  together  f 

A.  Because  (though  mingled  togeth- 
er) the  property  of  each  g^in  remains 
the  same  as  it  was  before. 

Q.  Why  is  water,  poured  an  Uwu,  said  to 
COXBINE  with  it  ? 

A.  Because  the  properties  of  each 
are  altered  by  the  mixture ;  the  lime  al- 
ters the  character  of  the  water,  and  the 
water  that  of  the  lime. 

Q.  I>o  oxygen  and  niirogen  combine,  or  only 
MIX  together,  in  common  atmospheric  air  f 

A.    They  only  mix  together,  as  grains 
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of  sand  would  do  when  shaken  in  a  bot- 
tle. When  oxygen  and  nitrogen  armr 
bine,  they  do  not  constitute  air^  but  acid 
poisons.    (^See  note  on  p.  30.) 

Q.  Why  does  lightning  turn  beer  sour,  at- 
though  coTUained  in  a  dose  cask  f 

A.  Because,  if  beer  be  new  and  the 
process  of  fermentation  incomplete,  light- 
ning will  so  CLCcelerate  the  process,  as  to 
turn  the  sugar  into  dcetic  add  at  once, 
without  passing  through  the  interme- 
diate state  of  alcohol. 

Q.  •  Why  is  NOT  OLD  beer  and  strong  porter 
made  sour  by  lightning  ? 

A.  Because  the  fei^mentation  is  more 
complete  ;  and,  therefore,  is  less  affected 
by  electrical  influence. 

Q.  Why  is  metal  sometimes  fused  by  light' 
ning? 

A.  Because  the  dimension  of  the 
metal  is  too  smMl  to  afford  a  path  for  the 
electric  current. 

Q.       Why  does  lightning  purify  the  air  ? 

A.  For  two  reasons:  1st — ^Because 
the  electric  fluid  produces  "  nitric  acid" 
in  its  passage  through  the  air : 

2dly — ^Because  the  agitation  of  the 
storm  stirs  up  the  air. 
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The  "  nitric  acid  "  is  produced  by  the  combination  of 
aome  portions  of  the  oxygen  and  nitrogen  of  the  air* 

Q.  How  does  ike  production  of  nitric  acid  puri- 
fy the  air  ? 

A.     Nitric  acid  acts  very  powerfully 
in  destroying  the  exhcdatiom^  which  arise 
from  putrid  vegetable  and  animal  matters. 
Q.      Why  is  lightning  more  common  in  sum- 
mer and  in  AuraMN,  than  in  spring  and  winter  f 

A.  Because  the  heat  of  summer  and 
autumn  produces  ^eo^  evaporation  ;  and 
the  conversion  of  water  into  vapor  alwaya 
developes  electricity, 

Q.  Why  does  a  thunder-storm  generaUy  fol" 
low  very  dry  wecUher  ? 

A.  Because  dry  air  (being  a  non- 
conductor) will  not  relieve  the  clouds  of 
their  electricity ;  so  the  fluid  accumulates, 
till  the  clouds  are  discharged  in  a  storm. 

Q.  Why  does  a  thunder-storm  rarely  jkc- 
ceed  WET  weather  ? 

A.  Because  moist  air  or  falling  rain 
(being  a  conductor)  carries  down  the 
electric  fluid  gradually  and  silently  to 
the  earth. 

Q.  What  is  the  general  direction  of  a  thun- 
der-storm ? 


*  The  oxygen  and  nitrogen  are  not  combined^  bnt  simply 
mixed,  in  the  ordinary  air;  but  lightning  causes  some 
portions  of  the  mixed  elements  to  comHne,  See  note,  p.  80. 
2» 
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A.  Either  from  east  to  west ;  orirom 
north  to  south. 

Q.     Why  is  electricity  excited  by  friction  ? 

A.  Electricity,  like  heat,  exists  in  all 
matter ;  but  is  often  in  a  latent  state  : 
friction  disturbs  it,  and  brings  it  into 
active  operation. 

"  Latent,"  see  p.  37. 

-  Q.'      Why  is  a  tree  sometimes  scorched  by 
lightning,  as  if  it  had  been  set  cm  fire  ? 

A.  Lightning  scorches  by  its  own 
positive  heat,  just  the  same  as  fire  would. 

Q.  Why  is  the  bark  of  a  tree  (fim  ripped 
quite  off  by  a  flash  of  lightning  ? 

A.  Because  the  latent  heat  of  the 
tree  Tbeing  very  rapidly  developed  by 
the  electric  fluid)  forces  away  the  bark 
in  its  impetuosity  to  escape.- 

Some  part  of  this  is  probably  due  to  the  simple  mechan- 
icai  force  of  the  lightning. 

Q.  Why  are  boughs  of  trees  broken  off  by 
lightning  ? 

A.  Because  the  mechanical  force  of 
lightning  is  very  great;  and,  as  the 
boughs  of  a  tree  are  imperfect  conduct- 
ors, they  will  often  be  broken  off  by  this 
force. 

Q.      Why  is  an  electric  shock  felt  host  c^  the 

ELBOW  JOINT? 

A,    Because  the  path  of  the  fluid  ia 
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obstructed  by  the  joint ;  and  the  shock 
f felt  at  the  efbow)  is  caused  by  the  fluid 
leaping  from  one  bone  to  anotlxer. 

Q.      j[s  electricity  accompanied  with  any  odor  ? 

A.  Yes  ;  near  a  large  electrical  ma- 
chine in  good  action,  there  is  always  a 
peculiar  odor,  resembling  sulphur  and 
phosphorus;  this  odor  is  called  "  Ozone.'' 

Pronounce  o-zone,  in  two  syllables. 

Q.  Has  this  peculiar  odor,  called  "  Ozone," 
deen  observed  in  thunder-storms  ? 

A.  Yes ;  sometimes  the  sulphurous 
odor  prevails,  and  sometimes  the  phos- 
phoric. 

If  the  gaseous  body  disengaged  by  lightning,  reaches  us 
in  a  concentrated  form,  the  odor  is  sulphurous  ;  if  in  a 
dihUed  form,  it  is  pbosphorig. 

Q.       What  are  pul'gurites  ? 

A.    Hollow  tubes  produced  in  sandy 

soils  by  the  action  of  lightning. 

Q.      How  does  lightning  produce  fulgurites  ? 

A.  When  it  enters  the  earth,  it  fuses 
the  flinty  matter  of  the  soil  into  a  vitre- 
ous (or  glassy)  substance,  called  a  ful- 
gurite. 

Q.  Does  not  lightning  sometimes  affect  the 
€kartbcUr  of  iron  and  steel  f 

A.  Yes;  bars  of  iron  and  steel  are 
sometimes  rendered  magnetic  by  light- 
rang. 
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Q.  Give  me  an  instance  of  the  magnetic  ifftdi 
cf  lightning. 

A.  Sometimes  it  will  recuse  the  mag*- 
netic  needles  of  the  electric  telegraph, 
and  sometimes  destroy  their  magnetism 
altogether. 

Q.       What  is  Tneant  hy  the  magnetic  needles 

&em^  REVERSED  ? 

A.  That  part  of  the  needle  which 
ought  to  point  toward  the  norths  is  made 
to  point  toward  the  south  ;  and  that  part 
which  ought  to  point  south,  is  made  to 
point  toward  the  north. 

Q.  How  does  lightning  act  upan  the  magnetic 
needles  of  the  electric  telegraph  f 

A.  The  electric  fluid  is  conveyed 
along  the  conducting  wires  to  the  tele- 
graphic needles. 
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CHAPTER   III. 

Q.       What  is  the  third  chief  source  of  heat  f 
A.     Chemical  Action. 
Q.       What  is  m£ant  by  chemical  action  being 
the  source  of  heat  ? 

A.     Many  things,  when  their  chemical 
constitution  is  changed  (either  by  the 
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abstraction  of  some  of  their  ^ases,  or  by 
the  combination  of  others  not  before  unit* 
ed)  evolve  lieat^  while  the  change  is  go- 
ing on. 

Q.      Explain  by  iUusircUion  what  you  mean. 

A.  Water  is  cold,  and  sulphuric  acid 
is  cold ;  but  if  these  two  cold  liquids  be 
mixed  together,  they  will  produce  interne 
heat 

Q.  WTiy  does  cold  watee,  poured  on  lime^ 
maJce  it  intensely  hot  ? 

A.  Because  heat  is  evolved  by  the 
chemical  action  which  takes  place,  when 
the  cold  water  combines  with  the  lime. 

N.  B.  Heat  is  always  evolved^  wheo  a  fluid  is  converted 
into  a  solid  form.  Heat  is  always  absarbedy  when  a  solid  is 
changed  into  a  liquid  state.  As  the  water  is  changed  from 
its  liquid  form  when  it  is  taken  up  by  the  lime,  therefore, 
heat  is  g:iyen  off. 

Q.       TVhere  does  the  heat  come  from  ? 

A.  It  was  in  the  water  and  lime  be- 
fore ;  but  was  in  a  kUent  state. 

Q,  Was  there  heat  in  the  cold  water  and  lime^ 
b^ore  they  were  mixed  together  ? 

A.  Yes.  AU  bodies  contain  heat; 
the  coldest  ice,  as  well  as  the  hottest  fire. 

Q.      Is  there  heat  even  in  ice  ? 

A.  Yes ;  but  it  is  UUerit  (i.  e.,  not  per- 
ceptible to  our  senses.) 

Latent,  from  the  Latin  word  Lateo,  (to  lie  hid.) 
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Q.  How  do  you  know  there  is  heat,  if  you 
cannot  perceive  it  ? 

A.  Thus:— Ice  is  32°  by  the  ther- 
mometer ;  but  if  ice  be  melted  over  a  fire, 
(thoug-h  140°  of  heat  are  absorbed  by  the 
process,)  it  will  feel  no  hotter  than  before. 

i.  e.,  it  will  be  only  32^,  and  not  172^  * 
Q.       What  becomes  of  the  140°  which  went  inta 

the  ice  to  melt  it  ? 

A.     It  is  hidden  in  the  water ;  or  (to 

speak  more  scientifically)  it  is  stored  up 

in  a  latent  state. 

Q.      How  MUCH  heat  may  be  thtis  secreted  or ' 
made  latent  ? 

A.  All  things  contain  a  vast  quantity 
of  latent  heat ;  but  as  much  as  1140°  of 
heat  may  remain  latent  in  water. 

Q.  How  can  1 140°  of  heat  be  added  to  water^ 
without  being  perceptible  to  our  feelings? 

A.  1st — 140°  of  heat  are  hidden  in 
WAter,  when  ice  is  mdted  by  the  sun  or 
fire. 

2dly — 1000°  more  of  heat  are  secret- 
ed, when  water  is  converted  into  steam. 
Thus,  before  ice  is  converted  into  steam, 
1140°  of  heat  become  latent. 

One  pint  of  boiling  water,  (212^  according  to  the  ther* 
mometer,)  will  make  1800  pints  of  steam;  but  the 'steam 
is  no  hotter  to  the  touch  than  bolliofir  wateiv- both  are 
212°  J  therefore,  when  water  is  converted  into  steam,  1000® 

*  82^  i.  e.;  32  degrees;  140^,  1.  e.,  140  degrees,  &c. 
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of  heat  become  latent.    Hence,  before  ice  is  conyerted 
into  steam,  it  must  contain  1140°  of  latent  heat. 

Q.  Can  we  be  made  to  feel  the  heat  ofiQ%  or 
mow? 

A.  Yes.  Into  a  pint  of  snow  put  half 
as  much  salt;  then  plunge  your  hands 
into  the  liquid ;  and  it  will  feel  so  in- 
tensely cold,  that  the  snow  itself  will 
seem  warm  in  comparison  to  it.          ^ 

Q.  Is  SALT  and  snow  reaiUy  colder  than 
jnowf 

A.  Yes,  m£«iy  degrees ;  and  by  dip- 
ping your  hand  into  the  mixture  ^r^/, 
and  into  snow  afterward,  the  snow  will 
seem  to  be  comparatively  warm. 


CHAPTER  IV. 

OOHBVSTZON. 

Q.      WhaitisTmi£7 

A.  Heat  and  light,  produced  by  the 
combustion  of  inflammable  substances. 

Q.      How  is  HEAT  evolved  by  combustion? 

A.  By  chemicai  action.  As  latent  heat 
is  liberated,  when  water  is  poured  upon 
lime,  by  chemical  action  ;  so  latent  heat 
is  liberated  in  comhvstion^  by  chemical 
action  also. 
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Q.  WluLt  CHEMICAL  ACTION  tdkes  flocc  in 
comhthstion? 

A.  The  elements  of  the  fuel  combine 
with  the  OTygen  oftlie  air. 

Q.       Whai  is  meant  by  the  "  elements  op  fuel  ?'* 

A.  As  bread  is  a  compound  of  flour, 
yeast,  and  salt;  so  fuelis  a  compound 
of  hydrogen  and  carbon. 

^.       What  are  the  elements  of  atmospheric  air  1 

A.  Oxygen  and  nitrogen,  mixed  toge- 
ther in  the  following  proportions ;  4 
gallons  of  nitrogen  and  one  of  oxygen 
will  make  5  gallons  of  common  air. 

Q.     What  is  CARBON? 

A.  The  solid  pe^rt  of  fuel.  Carbon 
abounds  in  all  animal  bodies,  earths,  and 
even  in  some  minerals. 

Q.      Mention  some  diferenS  species  of  CARBON, 

A.  Common  charcoal,  lamp-blackj 
coke,  and  the  diamond. 

Q.         What  is  HYDROGEN  ? 

A.  An  inflammable  gas.  The  gas 
used  in  our  streets  is  hydrogen  driven 
out  of  coeds  by  heat. 

Coal  gas  (more  correctly  speaking)  is  carburetted  hy- 
drogen, 1.  e.,  carbon  and  hydrogen.    See  p.  262. 

Q.  What  are  the  peculiar  characteristics  of 
hydrogen  gas? 

A.  1  St — ^It  is  the  lightest  of  all  known 
substances : 
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2dly — -ft  will  burn  immediately  it  is 
ignited:  and 

3dly — A  lighted  candle  (immersed  in 
this  gas)  will  be  instantly  extinguished.* 

Q.       Wliat  is  OXYGEN  ? 

A.  A  gas,  much  heavier  than  hydro- 
gen ;  it  gives  brilliancy  to  flame,  and  is 
essential  ta  animal  life.t  ^ 

*  Hydro^n  gas  may  be  made  thus : — Put  some  pieces 
of  zinc  or  iron  filings  into  a  glass :  pour  over  them  a  little 
sulphuric  acid  (yitriol),  diluted  with  twice  the  quantity 
of  water ;  then  coyer  the  glass  over  for  a  few  minutet, 
and  hydrogen  gas  will  be  given  off. 

EXPERIMENTS. 

^f  a  flame  be  put  into  the  glass,  an  explosion  will  be 
made. 

If  the  experiment  be  tried  in  a  phial,  which  has  a  pieoe 
of  tobacco-pipe  run  through  the  cork,  and  a  light  held  a 
few  moments  to  the  top  of  a  pipe,  a  flame  will  be  made. 

If  a  balloon  be  held  over  the  phial,  (so  that  the  gas  can 
inflate  it,)  the  balloon  will  ascend  in  a  very  few  minutes. 

f  Oxygen  gas  is  much  more  troublesome  to  make  than 
hydrogen.  The  cheapest  plan  is  to  put  a  few  ounces  of 
manganese  (called  the  black  oxide  of  manganese^  into  an 
kon  bottle,  furnished  with  a  bent  tube ;  set  the  bottle  on 
a  fire  tUl  it  becomes  red  hot,  and  put  the  end  of  the  tube 
into  a  pan  of  water.  In  a  few  minutes,  bubbles  will  rise 
through  the  water ;  these  bubb^s  are  oxygen  gas. 

These  bubbles  may  be  collected  thus :— Fill  a  common 
bottle  with  water ;  hold  it  inverted  over  the  bubbles  which 
rise  through  the  pan,  but  be  sure  the  mouth  of  the  bottle 
be  held  in  the  water.  As  the  bubbles  rise  into  the  bottle, 
the  water  will  run  out ;  and  when  all  the  water  has  run 
out,  the  bottle  is  full  of  gas.  Cork  the  bottle  while  the 
memth  remmns  under  water;  set  the  bottle  on  its  base; 
cover  the  cork  with  lard  or  wax,  and  the  gas  will  keep 
till  it  be  wanted. 

N.  B.  The  quickest  way  of  making  oxygen  gas,  is  to 
nib  together  in  a  mortar  half  an  ounce  of  oxide  of  copper, 
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Q.         What  is  NITROGEN  1 

A.  An  invisible  gas,  which  abounds 
in  animal  and  vegetable  substances.  The 
following  are  its  peculiar  characteristics : 

1.  It  will  not  turn  ; 

2.  An  animal  cannot  live  in  it ; 

3.  It  is  the  principal  ingredient  in 
common  air.* 

Nearly  4  gallons  out  of  every  5  being  nitrogen  gas. 


and  half  an  ounce  of  chlorate  of  potassa.  Put  the  mix- 
ture into  a  common  oil  flask,  furnished  with  a  cork  which 
has  a  bent  tube  thrust  through  it.  Heat  the  bottom  of 
the  flask  over  a  candle  or  lamp ;  and  when  the  mixture  is 
red  hot,  oxygen  gas  will  be  given  oflf.  Note — the  tube 
must  be  immersed  in  a  pan  of  water,  and  the  gas  collectea 
as  before. 

S[!)hloride  of  potassa  may  be  bought  at  any  chemist's ; 
oxide  of  copper  may  be  procured  by  heating  fk  sheet 
of  copper  red  hot,  and  when  cool,  striking  it  with  a  ham- 
mer ;  the  scales  that  peel  off,  are  oxide  of  copper.) 

Exp.  Put  a  piece  of  red  hot  charcoal  (fixed  to  a  bit  of 
wire)  into  your  bottle  of  oxygen  gas  j  and  it  will  throw 
out  most  dazzling  sparks  of  light. 

Blow  a  candle  out ;  and  whue  the  wick  is  still  red,  hold 
the  candle  (by  a  piece  of  wire)  in  the  bottle  of  oxygen- 
gas  ;  the  wick  will  instantly  ignite,  and  bum  brilliantly. 

(Burning  sulphur  emits  a  Mtie  flame,  when  immened 
in  oxygen  gas.) 

*  Nitrogen  gas  may  easily  be  obtained  thus : — ^Put  a 
piece  of  burning  phosphorus  on  a  little  stand,  in  a  plate 
of  water ;  and  cover  a  bell  glass  over  it.  (Be  sure  the 
edge  of  the  glass  stands  in  the  water.)  In  a  few  minutes 
the  oxygen  of  the  air  will  be  taken  up  by  the  burning 
phosphorus ;  and  nitrogen  alone  will  be  left  in  the  beu 
glass. 

(N.  B.  The  white  flime,  which  will  arise  and  be  absorbed 
by  the  water  in  this  experiment,  is  phosphoric  acid  ]  i.  e., 
pnosphorus  combined  with  oxygen  of  the  air.) 
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Q.       Why  is  there  to  much  niirogm  in  the  air  t 

A.     In  order  to  dilute   the   oxygen. 

If  the  oxygen  were  not  thus  diluted, 

fires  would  burn  out  too  quickly,  and* 

life  would  be  too  rapidly  exhausted. 

Q.  What  three  elements  are  necessary  to  pro* 
dace  COMBUSTION  9 

A.  Hydrogen  gas,  carbon,  and  oxygen 
gas :  The  two  former  in  the/iie/ ;  and  the 
last  in  the  air^  which  surrounds  the  fuel. 

Q.       Whai  causes  the  combustion  of  the  fuel  ? 

A.  The  hydrogen  gas  of  the  fuel 
(being  set  free,  and  excited  by  a  match), 
unites  with  the  oxygen  of  the  air,  and 
makes  a  yellow  flame ;  this  flame  heats 
the  carbon  of  the  fuel,  which  (also  uniting 
with  oxygen  of  the  air)  produces  car^ 
bonic  acid  gas. 

Q.         WhM  is  CARBONIC  ACn)  OA8  ? 

A.  Only  carbon  (or  charcoal)  com- 
bined with  oxygen  gas. 

Q.      Wliy  does  YiEL^  produce  iLEJLr% 

A.    Because  it  liberates  latent  heat 

from  the  air  and  fuel. 

Q.  What  CHEMICAL  CHANGES  in  air  and  fuel 
are  produced  by  combustion  ? 

A.  1st — S(mie  of  the  oxygen  of  the 
air,  combining  with  the  hydrogen  of  the 
fuel,  condenses  into  water :  and 
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2dly — Some  of  the  oxygen  of  the  air, 
combining*  with  the  carbon  of  the  fuel, 
forms  carbonic  acid  gas, 

Q.  Why  w  a  fire  {after  it  has  been  long 
burning)  red  hot  ? 

A.    Because  the  whole  surface  of  the 
coals  is  so  thoroughly  heated,  that  every 
part  of  it  is  undergoing  a  rapid  union 
'with  the  oxygen  of  the  air. 

Q.  In  a  BL.AZISG  firCf  why  is  the  upper  sur- 
face  of  the  coals  black,  and  the  lower  sv^rfaxx,  red  ? 

A.  Because  carbon  (being  solid)  re- 
quires a  great  degree  of  heat  to  make  it 
unite  with  the  oxygen  of  the  air.  In 
consequende  of  which,  the  hot  under 
surface  of  coals  is  frequently  rerf  from  its 
union  with  oxygen,  while  the  cold  wppcr 
surface  remains  blaxk, 

Q.  Which  burns  the  more  quickly,  a  blazing 
fire,  or  a  red  hot  one  ? 

A.  Fuel  burns  quickest  in  a  blazing 
fire. 

Q.  Why  do  blazing  coals  burn  quicker 
than  red  hot  ones  ? 

A.  Because  the  inflammable  gases  of 
the  fuel  (which  are  then  escaping)  great- 
ly assist  the  process  of  combustion. 

Q.  Why  do  the  coals  of  a  clear  bright  fire 
burn  out  more  slowly  than  blazing  coals  1 

A.    Because  most  of  the  injlammable 
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gases:,  and  much  of  the  solid  fuel^  have 
been  consumed  already;  so  that  there 
is  less  food  for  combustion. 

Q.       What  is  smoke  ? 

A.  Uhconsumcd  parts  of  fuel  (prin- 
cipally carbon)  separated  from  the  solid 
mass,  and  carried  up  the  chimney  by 
currents  of  hot  air. 

Q.  Why  is  there  more  smoke  when  coals  are 
FRESH  added,  than  when  they  are  red  hot  f 

A.  Because  carbon  (being  solid)  re- 
quires a  great  degree  of  heat  to  make  it 
unite  with  oxygen,  ^or,  in  other  words,  to 
bring  it  into  a  state  of  perfect  combustion:) 
when  coals  are  fresh  laid  on,  more  carbon 
is  separated  than  can  be  reduced  to  conu- 
bustiorij  and  the  surplus  flies  off  in  smoke. 

Q.  Why  is  there  so  little  smoke  with  a  red 
HOT  fire? 

A.  Because  the  entire  surface  of  the 
coals  is  in  a  state  of  combustion;  and,  as 
very  little  carbon  remains  unconsumed, 
there  is  but  little  smoke. 

Q.  Why  are  there  dark  and  bright  spots  in 
a  CLEAR  cinder  fire  ? 

A.  Because  the  intensity  of  the  com- 
bustion is  greater  tn  some  parts  of  the 
fire,  than  it  is  in  others. 

Q.       Why  is  the  intensity  of  the  combustion  so 

UN£Qt7AL? 
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A.  Because  the  air  flies  to  the  fire  in 
various  and  unequal  currents. 

Q.       Why  do  we  see  all  sorts  cf  grotesque 

FIGURES  in  hot  COALS  % 

A.  Because  the  intensity  of  combus- 
tion is  unequal^  (owing  to  the  gusty 
manner  in  which  the  air  flies  to  the  fuel :) 
and  the  various  shades  of  red,  yellow, 
and  white  heat  (mingling  with  the  black 
of  the  unburnt  coal),  produce  strange 
and  fanciful  resemblances. 

Q.  Why  does  faper  burn  more  readily  than 
wood?  ' 

A.  Because  it  is  of  a  more  fragile 
texture;  and,  therefore,  its  component 
parts  are  more  easily  heated. 

Q.  Why  does  wood  burn  more  readily  than 
coal? 

A.  Because  it  is  not  so  solid;  and, 
therefore,  its  elemental  parts  are  more 
easily  separated,  and  made  hot. 

Q.  When  a  fire  is  lighted,  why  is  fapek 
laid  at  the  bottom,  again'^t  the  graie  ? 

A.  Because  paper  (in  consequence 
of  its  fragile  texture)  very  readily  catches 
fire. 

Q.      Why  is  wood  laid  on  the  top  of  the  paper  I 

A.    Because  wood  f  being  more  aw6- 

$iantial)  hums  longer  tnan  paper ;  and^ 
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therefore,   affords  a  hnger  contact  of 
Jlame  to  heat  the  coals. 

Q.       Why  would  not  paper  do  without  woodf 

A.  Because  paper  burns  put  so  rap- 
idlyj  that  it  would  not  afford  sufficient 
contact  of  Jlame  to  heat  the  coals  to  com- 
bustion. 

Q.  Why  will  not  wood  do  without  ihavmgty 
straw  J  or  paper  ? 

A.  Because  wood  is  too  substantiat 
to  be  heated  into  combustion  by  the  fee- 
ble flame  issuing*  from  a  match. 

Q.  Why  would  Tiot  the  paper  do  as  wett^  if 
placed  on  the  top  of  the  coals  ? 

A.  Because  every  blaze  tends  up- 
ward;  if,  therefore,  the  paper  were 
placed  on  the  top  of  the  coals  its  blaze 
would  afford  no  conta>ct  of  Jlame  to  the 
fuel  lying  below. 

Q.       Why  should  coal  he  placed  above  the  wood  ? 

A.     Because  otherwise,  the  Jlame  of 
the  fuel  would  not  rise  through  the  coaly 
to  heat  it. 

Q.  Why  is  a  fihe  kindled  ai  the  lowest 
^^cf  a  grate? 

A.  That  the  flame  may  ascend 
through  the  fuely  to  heat  it.  If  the  fire 
were  kindled  from  the  top,  the  flame 
would  not  ctyme  in  contact  with  the  fuel 
placed  below. 
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Q.       Why  does  coal   nu^  such  excellent 

FUEL  ? 

A.  Because  it  contains  a  large 
amount  of  carbon  and  hydrogen  gas,  in  a 
very  compact  and  convenient  form. 

Q.  Wht/  will  CINDERS  become  red  hot  rnore 
quickly  than  coals  ? 

A.  Because  they  are  sooner  reduced 
to  a  state  of  combustion,  as  they  are 
more  porous  and  less  solid. 

Q.       Why  wiU  not  iron  cinders  burn  ? 

A.  Because  they  contain  impurities^ 
which  are  not  so  ready  to  combine  with 
oxygen,  as  carbon  and  hydrogen  are. 

Q.       Why  are  cinders  lighter  than  coals  ? 

A.-  Because  they  are  full  of  little 
holes ;  from  which  vapor,  gases,  and 
other  volatile  parts,  have  been  driven 
off  by  previous  combustion. 

Q.  Why  wiU  not  stones  do  for  fuel  as  well  as 
coals  ? 

A.  Because  they  contain  no  hydrogen^ 
and  little  or  no  carbon. 

Q.       Why  will  not  wet  kindling  light  afire  t 

A.  1st — ^Because  the  moisture  of  the 
wet  kindling  prevents  the  oxygen  of  the 
air  from  getting  to  the  fuel;  and 

2dly — ^The  heat  of  the  fire  is  perpetu- 
ally drawn  off,  by  the  conversion  of  water 
into  steam. 
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Q.      Why  does  drt  V)ood  hum  bettbb  iham 

GREEN  ? 

A.  1st — ^Because  none  of  its  heat  is 
carried  mjoay  by  the  conversion  of  water 
into  steam  ;  and 

2dly — ^The  pores  of  dry  wood  (being 
JUkd  tviih  air)  supply  the  fire  with 
oxyg-en. 

Q.  Why  do  two  pieces  sf  wood  bum  bbttbe 
than  ONE  ? 

A.  1st — Because  they  help  to  entan- 
gle the  heat  of  the  passing  smoke^  and 
dirow  it  on  the  fuel;  and 

2dly — ^The  air,  impinging  against  the 
pieces  of  wood,  is  thrown  upon  the  fire- 
in  a  kind  of  eddy  or  draught. 

Q.  Why  does  salt  cRACjOrE,  when  thrown 
into  a  FIRE  ? 

A.  Salt  contains  loater ;  and  the 
crackling  of  the  salt  is  owing  to  the  sud- 
den conversion  of  this  tcater  into  steam, 

Q.  Why  will  not  wood  or  paper  hurn  if  steeped 
in  a  solution  of  potash,  phosphate  of  lime,  or  am- 
monia {hcurtshorn)  f 

A,  Because  any  "  al'kali "  (such  as 
potash)  will  arrest  tfie  hydrogen  which 
escapes  from  the  fuel,,  and  prevent  its 
combirmtion  with  the  oxygen  of  air. 

Q.       What  is  an  al'kali  ? 

A-    The  converse  of  an  add;    aA 
3 
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Intter  is  the  con  verse  of  sweet,  or  insipid 
the  con  Verse  of  pungent, 

Q.  Why  does  a  jet  of  flame  somelimes  burst 
into  the  room  through  the  bars  of  a  stove  ? 

A.  Because  the  iron  bars  conduct 
heat  to  the  interior  of  some  lump  of  coal; 
and  its  volatile  gas  (bursting  through 
the  weakest  part)  is  kindled  by  the 
glowing  coals  over  which  it  passes. 

Q.  Why  is  this  jet  sometimes  of  a  greenish 
yellow  color  ? 

A.  Either  because  some  lump  of  coal 
lies  over  the  hot  bars  ;  or  else  the  coals 
below  it  are  not  red  hot :  in  consequence 
of  which,  some  of  the  gas  escapes  unbumt^ 
and  is  of  a  greenish  qolor. 

Q.       Why  does  the  gas  escape  unburnt  ? 

A.  Because  neither  the  bars,  nor 
cook  over  which  it  passes,  are  red  hot. 

Q.  Why  does  a  bluish  flame  sometimes  flicker 
on  the  surface  of  hot  cinders  ? 

♦  A.  Because  the  gas  from  the  hot  coals 
at  the  bottom  of  the  grate,  mixing  with 
the  carbon  of  the  coals  above,  produces  an 
inflammable  gas  (called  carbonic  oxide), 
which  burns  with  a  blue  flame. 

Q.      Why  is  the  flame  of  a  good  fire  yellow  ? 

A.  Because  both  the  hydrogen  and 
carbon  of  the  fuel  are  in  a  state  ofpetfect 
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combustion.     It  is  the  white  heat  of  the 
carbon,  which  gives  the  pale  yellow  tinge 
to  the  flaming-  hydrogen. 
Q.       What  is  LIGHT  ? 

A.     Rapid  undulations  of  a  fluid  called 

ether,  striking  on  the  eye. 

Q.  How  does  combustion  make  these  undukh 
iians  of  light  1 

A.  The  atoms  of  matter  (set  in  mo- 
tion by  heat)  striking  against  this  ether, 
produce  undulations  in  it;  as  a  stone 
thrown  into  a  streani,  produces  undula- 
tions in  the  water. 

Q.      How  can  undulations  of  ether  produce 

LIGHT? 

A.  As  sound  is  produced  by  undukh 
tions  of  air  striking  on  the  ear ;  so  light 
is  produced  by  undulations  of  ether  strik- 
ing on  the  eye. 

Q.       What  is  ether  ? 

A.  A  very  subtle  fluid,  which  per- 
vades and  surrounds  everything  we  see. 

N.  B.  This  theory  of  light  is  Hot  altogether  satisfactoiy ; 
bat  has  been  retained,  as  the  most  plausible  hitherto  pro- 
jected, 

Q.      Does  HEAT  ALWAYS  produce  light  T 

A.  No ;  the  heat  of  a  stack  of  hay, 
or  reeking-  dunghill,  thoug-h  very  greatj 
is  not  suflicient  to  produce  light. 

Q.       Whi/  is  a  yellow  plame  brighter  than  a 

UED  HOT  COAL  ? 
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A.  Because  yellow  rays  produce  the 
greatest  amount  of  lights  thoug-h  red  rays 
produce  the  greatest  amount  of  heat, 

Q.  W%i/  is  the  light  of  a  fire  more  intense 
sometimes  than  it  is  at  others? 

A.  The  intensity  of  fire-light  depends 
upon  the  whiteness  to  which  the  carbon 
is  reduced  by  combustion.  If  carbon 
be  tchite  hot,^  its  combustion  is  peifect, 
and  the  light  intense ;  if  not,  the  light  is 
obscured  by  smoke. 

Q.  Why  wiU  not  cinders  blaze,  as  well  as 
FRESH  coals  ? 

A.  The  flame  of  coals  is  made  chiefly 
by  hydrogen  gas.  As  soon  as  this  gas 
has  been  consumed,  the  hot  cinders  pro- 
duce only  a  gas,  called  carbonic  acid, 
which  is  neither  luminous  nor  visible. 

Q.  Where  does  the  hydrogen  gas  of  afire  come 
from? 

A.  All  ftiel  is  composed  of  carbon  and 
hydrogen  gas,  which  are  separated  from 
each  other  by  the  process  of  combustion. 
(See  p.  40.) 

Q.  Why  does  not  a  fire  blaze  on  a  frosty 
NIGHT,  so  long  as  it  does  wpon  another  night  ? 

A.  1st — ^Because  air  condensed  by 
the  cold  contains  more  oxygen  than  the 
same  quantity  of  warmer  air ;  and 
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2dly — ^Air  condensed  by  the  cold  is 
heavier.  In  consequence  of  which,  it 
falls  more  quickly  on  the  fire,  to  supply 
the  place  of  the  hot  ascending  air. 

Q.  Why  does  a  fike  bwm  clearest  oh  a 
FROSTY  night  ? 

A.  Because  the  volatile  gases  are 
more  quickly  consumed ;  and  the  solid 
carbon  is  pkrUifuUy  supplied  toith  oxygen 
from  the  air,  to  make  it  burn  brightly 
and  intensely. 

Q.  Why  does  a  fule  Im^n  mare  intensely  in 
WINTER  than  in  summer  7 

A.  Because  the  air  is  colder  in  winter, 
than  it  is  in  summer. 

Q.  Why  does  the  coldness  (f  the  air  increase 
the  HEAT  of  afire  ? 

A.  1st — ^Because  air  condensed  by 
the  cold,  supplies  more  oxygen  than  a 
similar  volume  of  warmer  air ;  and 

2dly — Condensed  air,  being  heavy, 
falls  more  rapidly  into  the  place  of  the 
hot  ascending  air,  to  supply  the  fire  with 
nourishment. 

Q.  Why  does  the  sun,  shining  on  a  fire,  make 
it  DULL ;  and  often  put  it  oiU? 

A.  1st — Because  the  air  (being  rare- 
fied by  the  sunshine)  flows  more  slowly 
to  the  fire  ;  and 
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2dly — Even  that  which  readies  the 
fire,  affords  less  rvourishment. 

Sunshine  produces  also  some  chemical  effect  upon  the 
air  or  fuel  detrimental  to  combustion. 

Q.  Why  does  the  airflow  to  the  fire  more  tar- 
dily ybr  being  rarefied? 

A.  Because  the  g^reater  the  contrast 
(between  the  external  air  and  that  lohich 
luLs  been  lieated  by  thejire),  the  more  rajnd 
will  be  the  current  of  air  toward  that  fire. 

Q.  Why  does  rar^d  air  afford  less  nourish- 
ment to  fire  than  cold  air  ? 

A.  Because  rarefied  air  contains  less 
oxygen  than  the  same  quantity  of  con- 
densed air. 

Inasmuch  as  the  same  quantity  of  oxygen  is  difiTused 
over  a  larger  volume  of  air. 

Q.  Why  does  a  fire  bum  more  fiercely  in  the 
OPEN  air? 

A.     1st — ^Because  the  air  oxU-of -doors 
is  more  dense  than  the  air  in-doors ;  and 
2dly — ^It  has  freer  ax^cess  to  the  fire. 

Q.  Why  is  the  air  otU-of-doors  more  dense 
than  that  in-doors  ? 

A.  Because  it  has  freer  circulation ; 
and,  as  soon  as  any  portion  has  been 
rarefied^  it  instantly  escapes,  and  is  sup- 
plied by  colder  currents. 

Q.  Why  does  not  a  tire  bum  so  freely  in  a 
thaw  as  in  a  frost  ? 
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A.    Because  the  air  is  laden  with 

vapur;  in  consequence  of  which,  it  both 

rnoves  too  stately^  and  is  too  much  rarefied 

to  nourish  the  fire. 

Q.  Why  does  a  fire  burn  so  fiercely  in  windy 
weather  f  * 

A.  Because  the  air  is  so  rapidly 
changed,  and  affords  plentiful  nourish- 
ment to  the  fire. 

Q.       Why  does  a  pair  of  bellows  get  a  fire  up  t 

A.  Because  it  drives  the  air  more  rap- 
idly to  tlvefire ;  and  the  plentiful  supply 
of  oxygen  soon  makes  the  fire  burn  in- 
tensely. 

Q.  Why  is  the  flame  of  a  candle  extinguished 
vfhen  blown  by  the  breath;  and  not  made  more  in' 
tense  liJce  afire  ? 

A.  Because  the  flame  of  a  candle  is 
confined  to  a  very  smaU  wick,  from  which 
it  is  severed  by  the  breath ;  and  (being* 
unsupported)  must  go  out. 

Q.  Why  is  a  smouldering  wick  sometimes 
RE-KINDLED  by  blowing  it  ?  • 

A.  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity  ;  and  the  oxy- 
gen of  the  air  kindles  the  red  Iwt  icick, 
as  it  would  kindle  charred  wood. 

Q.  Why  is  not  the  red  hot  wick  kindled  by  ths 
air  AROUND  it,  vjithout  blowing  ?. 

A.    Because  oxygen  is  not  supplied 
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with  sufficient  freedom,  unless  air  be 
bloicn  to  the  wick. 

Q.  When  is  this  experimerU  most  likely  to  sue* 
ceed  ? 

A.  In  frvsty  weather ;  because  the 
air  contains  more  oxygen  when  it  is 
condensed  by  the  cold, 

Q.  Why  does  a  poker  laid  across  a  dull 
FIRE  revive  it  ? 

A.  For  two  reasons;  1st — Because 
the  poker  coticentrcUes  tlie  Iieat,  and 
therefore  increases  it ;  and 

2dly — Air  is  arrested  in  the  narrow 
aperture  between  the  poker  and  the 
coals,  and  a  draiiglU  created. 

See  p.  49. 

Q.  Why  are  stoves  fixed  on  the  floor  of  a 
room? 

A.  In  order  that  the  air  on  the  lower 
part  of  the  room  may  be  heated  by  the' 
fire. 

Q.  Would  7iol  the  air  of  the  lower  part  of  a 
room  be  heated  eqtudly  well,  if  the  stoves  were  fixed 
higher  up  ? 

A.  No ;  the  heat  of  a  fire  has  a  very 
little  effect  upon  the  air  hebio  tJie  level  (f 
the  grate;  and,  therefore,  every  grate 
should  be  as  near  to  ilie  floor  as  possible. 

Q.  Our  FEET  are  very  frequently  cold  when 
we  sU  close  by  a  good  fire.  ^Explain  the  reason  tf 
this. 
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'  A.  As  the  fire  consumes  the  air 
which  passes  over  it,  cold  air  rushes 
tfirough  the  crevices  of  the  doors  and 
windows  cdong^  the  bottom  of  the  room 
to  supply  the  deficiency ;  and  these  cur 
rents  of  cold  air,  rushing  constantly  aoet 
our  feet,  deprive  them  of  their  warmth. 

Q.  If  a  piece  ^  paper  be  laid  flat  on  a  dtwt 
fire,  it  will  not  blaze  InU  char.      Why  so? 

A.  Because  the  carbon  of  a  clear  fire, 
being"  sufficiently  hot  to  unite  with  the 
oxyg-en  of  the  air,  produces  carbonic  add 
gas,  which  soon  envelops  the  paper  laid 
flat  upon  the  cinders :  but  carbonic  acid 
gas  will  not  blaze. 

Q.  ^  yon  BLOW  the  paper,  it  will  blaze  m- 
medialely.      Why  so  ? 

A.  Because  by  blowing  or  opening  a 
door  suddenly,  the  carbonic  acid  is  dmir- 
pated,  and  the  paper  fanned  into  flame. 

Q.       Why  does  water  extinouisu  a  fire? 

A.  1st — Because  the  water  ^rm»  a 
coating  over  the  fuel,  which  keeps  it  from 
the  air;  and 

2dly — The  conversion  of  loater  mto 
steam,  draws  ofli\\e  heat  of  the  burning 
fuel. 

Q.  A  LITTLE  WATER  makes  a  fire  fierobe, 
iJDhik  a  larger  quantity  of  water  puts  it  out. 
Explain  how  this  is. 

3* 
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A.  Water  is  composed  of  oxygen  and 
hydrogen ;  when,  therefore,  the  fire  can 
decompose  the  water  into  its  simple  ele- 
ments, it  serves  for  fuel  to  the  flame. 

Q.      How  can  WATER  serve  for  fuel  tofirel 
A.     Because  the  %droo'en  of  the  water 
burns  with  ajlnme  ;  and  the  oxygen  of  the 
water  increases  the   intensity  of   that 
flame . 

Q.  When  a  house  is  on  fire,  is  too  little  water 
worse  than  none  ? 

A.  Certainly.  Unless  water  be  sup- 
plied so  plentifully  as  to  quench  the  fire, 
it  will  increase  its  intensity,  like  fuel. 

Q.       When  will  water  extinguish  fire  ? 

A.  When  the  supply  is  so  rapid  and 
abundant  that  the  fire  cannot  decompose 
it 

Q.  Does  not  a  very  little  water  slacken  th4 
heat  of  fire  ? 

A.  Yes,  till  it  is  decomposed ;  it  then 
increases  the  intensity  of  fire,  and  acts 
like  fuel. 

Q.  Why  does  the  wtCK  of  a  candle  {when  the 
flame  has  been  blown  otU)  very  readily  catch  fire? 

A.  Because  the  wick  is  already  hot^ 
and  a  very  little  extra  heat  will  throw  it 
into  flame. 

Q.       Why  does  the  extra  hea4  revive  the  flame? 
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A.     Because   it  "again   liberates   the 

hydrogen  of  the  tallow,  and  ignites  it. 

Q.  Carvtjot  WOOD  be  made  to  blaze  wUKoul 
adttal  contact  with  fire  ? 

A.  Yes ;  if  a  piece  of  wood  be  held 
near  the  fire  for  a  little  time,  it  will  blaze, 
even  though  it  does  not  touch  the  fire. 

•     Q.       Why  wUl  WOOD  blaze,  even  if  it  does  not 
touch  the  fire  ? 

A.  Because  the  heat  of  the  fire 
drives  out  the  hydrogen  gas  of  the  wood ; 
which  gas  is  inflamed  by  contact  with 
the  red  hot  coals. 

Q.  '  Why  will  a  neighbor's  house  sometimes 
CATOH  FIRE,  though  uo  fl^me  of  the  burning  house 
ever  touches  it  ? 

A.     Because  the  heat  of  the  burning 

^  house  sets  at  liberty  the  hydrogen  gas  of 

the  neighboring  wood- work ;  and  this 

gas  is  ignited  by  the  flames  or  red  hot 

bricks  of  the  house  or  fire. 

Q.       What  is  coke  ? 

A.  Coal  freed  from  its  volatile  gases 
by  the  action  of  artificial  heat. 

Q.  Why  do  stoves  sometimes  smell  very 
strongly  o/'sulphui;.? 

A.  Because  coal  and  coke  contain 
sulphur ;  and  whenever  the  draught  is 
not  rapid  enough  to  drive  the  sulphur  up 
the  Jlue,  it  is  emitted  into  the  room. 
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Q.       What  is  meant  hjf  spontaneous  cohbus' 

TION  ? 

A.  Combustion  produced  without  the 
application  o^ flame, 

Q.       Give  an  example  of  spcmtaneoibs  canibustion. 

A.  Coals  stowed  in  the  hold  of  a 
vessel,  and  goods  packed  in  a  warehouse, 
will  often  catch  fire  of  themselves — espe- 
cially such  goods  as  cotton,  flax,  hemp, 
rags,  &c, 

Q.*  Why  do  such  goods  sometimes  catch  fire 
of  themselves? 

A.  Because  they  are  piled  together 
in  very  large  m/isses  in  a  ddmp  state  or 
place. 

Q.  Why  does  this  'produce  spontaneous  combus* 
tion? 

A.  The  damp  produces  decay^  or  the 
decomposition  of  the  goods ;  and  the 
great  heat  of  the  piled-up  mass  makes 
the  decaying  goods  ferment. 

Q.  How  does  this  fermentation  produce  com- 
bustion ? 

A.  During  fermentation,  carbonic  acid 
gas  is  given  off  by  the  goods — a  slow 
combustion  ensues — till  at  length  the 
whole  pile  bursts  into  flams. 

Q.  Why  is  the  heat  of  a  large  mass  of  goods 
greater  than  that  of  a  smaller  quantity? 

A.     Because  the  carbonic  acid  cannot 
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escape  thi'oug'h  the  massive  pile;  and 
the  products  of  decomposition  being  con- 
fined,  hasten  further  changes. 

Q.  Why  do  HAY-STACKS  sometimes  catch  fire 
of  themselves  ? 

A.  Either  because  the  hay  was  got 
up  damp  ;  or  else  because  rain  has  pen- 
etrated the  stack. 

Q.  Why  will  a  hay-stack  catch  fire  if  the 
hay  be  damp  ? 

A.  Because  damp  hay  soon  decays^ 
and  undergoes  a  state  of  fermentation  ; 
during  which,  carbonic  aA)id  gas  is  given 
off,  and  the  stack  catches ^re. 

Q.  Bfoasted  coffee  sometimes  catches  fire 
spOTitaneously.     Explain  the  reason  of  this. 

A.  The  heat  of  coffee  is  greatly  in- 
creased by  being  roas/ed;  and  the  car-' 
ban  of  the  coffee,  uniting  with  the  oxygen 
of  the  air,  produces  carbonic  add  gas,  and 
bursts  into^me. 

Q.  Why  do  old  rags,  used  for  cleaning 
lamps  and  candlesticks,  sometimes  set  a  house  on 
fire? 

A.  Because  they  very  readily  fer^ 
menty  and  (during  fermentation)  throw 
off  exceedingly  inflammable  gases. 

N.  B.  Lamp-black  mixed  with  linseed  oil  is  more  liable 
to  spontaneous  combustion  than  anything  that  seryants 
handle. 
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CHAPTER  V. 

SMOKE. 

Q.  Why  does  swfoKE  ascend  the  chimney  f 
A.  Because  the  air  of  the  room  (when 
it  passes  over  the  fire)  becomes  lighter 
for  being  heated  ;  and  (being  thus  made 
lighter) ,  ascends  the  cliimney,  carrying 
the  smoke  with  it. 

Q.       What  is  SMOKE?    " 

A.  Small  particles  of  carbon,  separat- 
ed by  combustion  from  the  fuel,  but  not 
consumed. 

Q.  Why  do  SMOKE  and  steam  curl  as  they 
ascend  ? 

A.  Because  they  are  pushed  round 
and  round  by  the  ascending  and  de- 
scending currents  of  air. 

Q.  Why  does  a  close  stove  draw  up  more 
fiercely  than  an  open  grate  ? 

A.  Because  the  air  which  supplies 
the  stove  must  pass  through  the  fire; 
and,  as  it  becomes  exceedingly  heated^ 
rushes  up  the  flue  with  great  violence. 

Q.  What  produces  the  roaring  noise  made  by 
the  fire  in  a  close  stove? 

A.  Air  rushing  rapidly  through  the 
crevices  of  the  iron  dooVj  and  up  the 
chimney  flue. 
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Q.  Why  is  the  roar  less  if  the  ttace  door  be 
tkrovm  OPEN? 

A.  Because  fresh- air  gets  access  to 
the  fire  nwre  easily ;  and,  as  the  air  is 
not  so  intensely  heated,  its  nrtotion  is  not 
so  violent 

Q.       Why  do  some  chimnets  smoke  T 

A.  Because  fresh  air  is  not  admitted 
into  a  room  so  fast  as  it  is  consumed  by 
the  fire  ;  in  consequence  of  which,  a  cur- 
rent of  air  rushes  down  the  chimney  to 
supply  the  deficiency^  driving*  the  smoke 
along  with  it. 

Q.      Explain  this  by  an  illustration. 

A.  If  water  be  taken  with  a  pail  out 
of  a  river,  other  water  will  rush  toward 
the  hole  as  soon  qs  the  pail  is  lifted  out ; 
and,  if  air  be  taken  from  a  room  (as  it 
is,  when  some  of  it  goes  up  the  chimney), 
other  air  will  rush  toward  the  void  to 
fill  it  up. 

Q.  What  prevents  air  being  supplied  so  fast  as 
it  is  amsumed  by  the  fire  f 

A.  Leather  and  curtains  round  the 
doors:  sand-bags  at  the  threshold  and 
on  the  window-frames;  and  other  con- 
trivances to  keep  out  the  draught. 

Q.       Why  wiU  the  air  come  down  the  ohimnet  ? 

A.    Because  it  can  get  into  the  room« 
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m  no  oiher  way,  if  the  doors  and  win- 
dows are  all  made  air-tight, 

Q.       What  is  the  best  remedy  in  such  a  case  f 
A.     The  speediest  remedy  is  to  open 
the  door  or  window :  but  by  far  the  best 
remedy  is  to  carry  a  small  tube  from  the 
hearth  into  the  external  air. 

Q.       Why  is  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plenti- 
fully supplied'with  air  by  the  tube :  the 
doors  and  windows  may  all  remain  air- 
tight ;  and  we  may  enjoy  a  warm  fire- 
side, without  the  inconvenience  of 
draughts  and  cold  feet. 

Q.  Why  is  a  chimney  raised  so  high  above 
the  ROOF? 

A.  That  it  may  not  smoke ;  as  all 
funnels  do  which  are  too  short. 

Q.  What  is  meant  by  the  funnel  or  flue  of 
a  chimney  ? 

A.  That  part  of  a  chimney  through 
which  the  smoke  pqsses. 

Q.  Why  does  a  ohimney  smoke,  tf  the  funnel 
be  very  short  ? 

A.  Because  the  draught  of  a  short 
flue  is  too  slack  to  carry  the  smoke  up 
the  chimney. 

Q.  Why  is  the  draught  cf  a  short  flue 
4Mfe  (^LACK  than  that  of  a  long  one? 
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A.  1st — Because  the  fire  is  altvayg 
dvil  arui  sluggish^  if  the  chimney  be  too 
short : 

2dly — Because  the  smoke  rolls  out  of 
the  chimney,  before  it  has  acquired  its 
full  velocity ;  and 

Sdfy — Because  the  wind,  rain,  and  air, 
have  more  influence  over  a  short  funnel, 
than  over  a  long  one. 

Q.  Wht/  is  the  pire  always  dull  and  BhVCh 
GiSH,  if  the  CHiMNEY-PLUE  be  very  short  ? 

A.  Because  the  draught  is  bad ;  and, 
as  the  rarefied'air  passes  very  tarcUly  up 
the  chimney— fresh  air  flows  as  tardily 
toward  the  fire^  to  supply  it  with  oxygen. 

Q.       On  what  does  the  intensitt  of  fire  depend? 

A.  The  intensity  of  fire  is  always  in 
proportion  to  the  quantity  ofoocygen  with 
which  it  is  supplied. 

Q.  Why  does  not  SBfOKE  acquire  itsfvU  velo- 
city in  a  suoRT  funnel  f 

A.  Because*  the  higher  smoke  as-^ 
cends,  (provided  the  flue  be  clear  and 
hot,)  the  faster  it  goes :  if,  therefore,  a 
funnel  be  very  short,  the  smoke  never 
acquires  its  full  velocity. 

Q.  Does  the  draught  of  a  chimney  depend  on 
the  SPEED  of  the  smoke  through  the  flue  ? 

A.  Yes.  The  more  quickly  hot  air 
flies  up  the  chmmej/j  the  more  quickly 
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cold  air  will  rush  toward  the  fire  to  supply 
the  place ;  and,  therefore,  the  longer  the 
fiue,  the  greater  the  draught, 

Q.  Why  are  the  chttmneys  of  manufactories 
made  so  very  long  ? 

A.  To  increase  the  intensity  of  the 
fire. 

Q.       Why  is  the  intensity  of  a  fire  increased  by 

LENGTHENING  the  FLUE  ? 

A.  Because  the  draught  being  great- 
er, more  fuel  is  consumed  in  the  san^ 
time  ;  and,  of  course,  the  intensity  of  the 
heat  is  proportionally  greater. 

Q.  ]^  a  SHORT  CHIMNEY  canmt  be  lengthened^ 
what  is  the  best  remedy  to  prevent  smoking  1 

A.  To  cordract  the  apening  of  the 
chimney  contiguous  to  the  stove. 

Q.  Why  will  a  smaller  opening  agair^  the 
stove  prevent  the  chimney* s  smoking  ? 

A.  Because  the  air  will  be  compelled 
to  pass  nearer  the  fire;  and  (being  more 
heated)  will  rise  through  the  chimney 
more  rapidly.  This  increase  of  heat  will 
therefore  compensate  for  the  shortness 
of  ihefiue. 

Q.  Why  will  a  room  smoke  if  there  be  two 
fires  in  it  ? 

A.  Because  the  fiercer  fire  will  ex- 
haust the  most  air,  and  draw  from  the 
smaller  one,  to  supply  its  demand. 
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Q.  Why  will  a  ckimnep  smoke  if  there  be  a 
PIKE  in  TWO  Rooiits  communicating  with  each  other  f 

A.  Because  (whenever  the  door  be- 
tween the  two  rooms  is  opened)  air  will 
rush  from  the  chimney  of  the  inferior 
fire  to  supply  the  other;  and  both  rooms 
will  be  filled  with  smoke. 

Q.       What  is  the  best  behedt  in  this  case  ? 

A.  Let  a  tube  be  carried  from  the 
hearth  of  each  stove  into  the  external 
air ;  and  then  eoc^  fire  will  be  so  well 
supplied,  that  neither  will  need  to  bor- 
row from  the  other. 

Q.  Why  does  a  house  in  a  vallet  or  by  the 
side  of  higher  buUdings  very  often  smoke  ? 

A.  Because  the  wind  (striking 
against  the  suiTOunding  hills  or  buildings) 
bounds  ba6k  again  upon  the  chimney  ^  and 
destroys  its  draught. 

Q.       What  is  the  eemedt  in  these  cases  ? 

A.     To  fix  a  cowl  on  the  chimney-top, 
to  turn  like  a  weather-cock,  and  present, 
its  back  to  the  wind. 

Q.  Why  will  not  a  cowl  always  p&event  a 
chimney  smoking  7 

A.  Because  if  the  wind  be  strange  it 
will  keep  the  opening  of  the  cowl  toward 
the  higher  building  or  hill ;  and  then  the 
reflected  wind  will  blow  into  the  cowl^ 
and  doipn  the  chimney. 


68 


CHEMICAL    ACTION. 


Q.  As  a  cowl  is  such  a  poor  remedy^  can  any 
OTHER  be  suggested  ? 

A.  Yes.  If  the  chimney-flue  can  be 
carried  higher  than  the  other  buildings 
or  hills,  no  wind  can  enter  the  flue. 

Q.  If  a  chimney -jiwe  he  carried  wp  higher  than 
the  buildings  or  hill^  why  cannot  the  vnnd  erder  it  ? 

A.  Because  the  reflected  wind  would 
strike  ag'ainst  the  secfes  of  the  chimney- 
flue,  and  not  pass  over  the  opening  at  all. 

Q.      In  what  other  cases  wiU  a  chimney  smoke  ? 

A.  If  the  door  and  stove  are  both 
placed  on  the  same  side  of  a  room,  the 
chimney  will  often  smoke. 

Q.  Why  wUl  a  chimney  smoke,  if  the  door 
and  stove  are  both  on  the  s^me  side  ? 

A.  Because  (whenever  the  door  is 
opened)  a  current  of  air  will  blow  ob- 
liquely into  the  chimney-place,  and  drive 
the  smoke  into  the  room. 

Q.       What  REMEDY  can  be  applied  to  this  tvU  ? 

A.  The  door  must  be  set  opposite  to 
the  chimney-place,  or  nearly  so;  and 
then  the  draught  from  the  door  wUl  blow 
the  smoke  up  the  chimney y  and  not  into 
the  room. 

Q.       Why  toiU  a  chimney  |Hoke  if  it  needs 

SWEEPING  ? 

A.    Because  loose  soot  obstructs  the 


free  passage  of  the  smoke,  delays  its 
current,  and  prevents  the  draught. 

Q.       Why  toiU  a  chimnkt  smoke  if  it  be  out 

OP  REPAIR  1 

A.  1st — Because  the  loose  mortar  ami 
bricks  obstruct  the  smoke ;  and 

2dly — Cold  air  (oozing  through  the 
chinks)  chills  the  air  in  the  cfdmmy^  and 
prevents  its  ascent. 

Q.  Whjf  tcill  a  STOVE  smoke,  tf  the  joints  of 
tie  flue  donoi  fit  air-tight  f 

A.  Because  cM  air  (oozing  through 
the  joints)  chiUs  the  air  m  the  Jluc,  and 
prevents  its  ascent. 

Q.  Why  does  an  oH-fashioned  farm  chimney- 
PLACE  generally  smoke  f 

A.  Because  the  opening  is  so  very 
large,  that  much  of  the  air  which  goes 
up  the  chimney,  has  never  passed  near 
the  fire  ;  and  this  cold  air  (mixing  with 
the  hot)  so  reduces  its  temperature  that  it 
ascends  very  slowly,  and  the  draught  is 
destroyed. 

Q.       Why  does  a  chimney  smoke  if  the  draught 

he  SLACK  ? 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  buoy 
up  the  smoke  through  the  flue. 

Q.  J^^the  opening  of  a  chimney  be  too  large, 
what  REMEDY  can  be  applied  f 
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A.  The  chimney-place  must  be  con- 
tracted. 

Q.       Why  will  contractino  the  ehimney-plaee 

PREVENT  Us  8M0KINO  ? 

A. '  Because  the  air  will  then  pass 
nearer  the  fire  ;  and  (being  more  heated) 
fly  faster  up  the  chimney. 

Q.  Why  do  almost  all  chimneys  smoke  in 
GUSTY  weather  ? 

A.  Because  the  column  of  smoke  is 
suddenly  chilled  by  the  wind,  and  (be- 
ing* unable  to  ascend)  rushes  back  into 
the  room. 

Q.       WhU  is  the  use  of  a  chimney-pot  ? 

A.  It  serves  to  increase  the  draught, 
when  the  opening  of  a  chimney  is  too 
laj'ge. 

Q.  How  does  a  chimney-pot  increase  the 
DRAUGHT  of  a  chimney  ? 

A.  As  the  same  quantity  of  hot  air 
has  to  escape  through  a  smaller  openings 
it  must  pass  through  more  quickly. 

Q.       Why  do  blowers  help  to  get  afire  up  ? 

A.  Because  they  compel  the  air  to 
go  through  the  fire,  and  not  (mer  it; 
in  consequence  of  which,  the  fire  is  well 
supplied  with  oxygen,  and  the  draught 
greatly  increased. 

Q.       Why    does    a    blower    increase    thi 

DRAUGHT  ? 
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A.  Because  the  air  (by  passing 
through  the  fire)  is  made  much  hotter, 
and  ascends  the  chimney  more  rapidly. 

Q.  Why  is  a  fire  better  supplied  with  oxygen 
while  the  blotver  hangs  before  it  f 

A.  Because  the  blower  increases  the 
draught ;  and  the  faster  the  hot  air  flies 
up  the  chimneyj  the  faBter  will  cold  air 
rush  toward  the  fire^  to  supply  it  with 
oxygen. 
^     Q.       Why  does  a  parlor  often  smell  disagreeably 

of  SOQT  in  SUMMER-TIME? 

A.  Because  the.  air  in  the  chimney 
(being  colder  than  the  air  in  the  parlor) 
descends  into  the  room^  and  leaves  a  dis- 
agreeable smell  of  soot  behind. 

Q.  Why  are  the  cfi6.iNGS  of  public  officbs 
generally  black  and  filthy  ? 

A.  Because  the  heated  air  of  the 
office  buoys  up  the  dust  and  fine  soot ; 
which  (being  unable  to  escape  through 
the  plaster)  is  deposited  on  the  ceiling. 

Q.  Why  are  some  parts  of  the  ceiling  blacker 
and  morefillhy  than  others  ? 

A.  Because  the  air,  being  unable  to 
penetrate  the  thick  joists  of  the  ceiling 
passes  by  those  parts,  and  deposits  its  soot 
and  dust  on  others  more  penetrable. 

N.  B.    The  Bite  of  this  deposit  of  soot  and  dust  is  fre- 
quently determined  by  draughts  and  currents  of  air. 
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Q.       What  is  charcoal  I 

A.  Wood  which  has  been  exposed  to 
a  red  heat,  till  it  has  been  deprived  of 
all  its  gases  and  volatile  parts. 

Q.  WTiy  is  a  charcoal  fire  hotter  than  a 
wood  fire? 

A.     Because   charcoal  is  ^very  pure 
carbon ;  and,  as  it  is  the  carbon  of  fuel 
which  produces  the  glowing-   heat  of 
combustion,  therefore,  the  purer  the  car — 
bon,  the  more  intense  will  the  lieat  Qv^f 
the  fire  be. 

Q.       Why  does  charcoal  remove  the  taii^*^^   of 
fnetU  ? 

A.     Because  it  absorbs  all  P^^^'^gCgC!' 
effluvia,  whether  they  arise  froi\\   animal 
or  vegetable  matter. 

Q.       Why  is  WATER  PURIFIED  by  heirtg  filtered 
through  charcoal  1 

A.  Because  charcoal  absorbs  the  im^ 
purities  of  the  water,  and  temoves  all" 
disagreeable  tastes  and  strv^W^^  ^Wtber 
they  arise  from  animal  or  vej;^Vd\Ae 
matter. 


Q.       Why  are  water  and.  wnc  casks  cha«p. 

A.    Because  charriris  t\\A  u  •  i 
a  cask  reduces  it  to  ^  ygJ^/'f  ^^^  of 
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vegretable  impurities)  keeps  the  liquor 
sweet  and  good. 

Q.  Wkff  does  a  piece  of  burnt  bread  make 
impure  water  fit  to  drink  f 

A.  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  by 
being  burnt)  absorbs  the  imparities  of  the 
water^  and  makes  it  palatable. 

Q.  Why  shoM  TOAST  and  water,  placed  by 
the  side  cfthe  sick,  be  made  of  burht  bread? 

A.  Because  the  charcoal  surface  of 
burnt  bread  prevents  the  water  from 
being  affected  by  the  impurities  of  the 
sick  room. 

Q.  Why  should  sick  persons  eat  dry  toast 
rather  than  bread  and  btUter  ? 

A.  Because  the  charcoal  surface  of 
the  dry  toast  helps  to  absorb  the  acids 
and  impurities  of  a  sick  stomach. 

There  are  other  reasons  which  beloDg  to  the  science  of 
medicine. 

Q.  Why  are  timbers  which  are  to  be  exposed 
to  damp  charred  ? 

A.  Because  charcoal  undergoes  no 
change  by  exposure  to  air  and  water ;  in 
consequence  of  which,  timber  will  resist 
weather  much  hnger  after  it  has  'been 
charred. 
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CHAPTER   VI.  . 

LAMPS  AND  CANDLES. 

Q.  Of  tohcU  curt  oil,  tallow,  ai^  wax  com 
posed  ? 

A.  Principally  of  carbon  and  hydro^ 
gen  gas.  The  solid  part  is  carbon,  the 
volatile  part  is  hydrogen  gas. 

Q.       What  is  carbon  ? 

A.  A  solid  substance,  generally  of  a 
black  color;  well  known  under  the 
forms  of  charcoal,  lamp-black,  coke,  &c. 

Q.       WheU  is  hydrogen  gas  ?  . 

A.  The  principal  ingredient  of  water. 
It  burns  so  readily  that  it  used  to  be 
called  "  inflammable  air."* 

Common  coal  gas  is  a  mixture  of  carbon  and  hydrogen, 
ealled  "  carburetted  hydrogen,"    See  p.  262. 

Q.  A  candle  burns  when  lighted.  .  Explain 
how  this  is. 

A.  The  heat  of  the  lighted  wick  de- 
composes the  tallow  into  its  elementary 
parts  of  carbon  and  hydrogen ;  and  the 
hydrogen  of  the  tallow,  combining  with 
the  oxygen  of  the  air,  produces  Jlame, 

Q.  Where  is  the  tallow  or  wax  of  a  candU 
decomposed? 

A.    In  the  loick.    The  melted  tallow, 

*  To  makQ  hydrogen  gas,  see  p.  41. 
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^  or  wax,  rises  up  the  wick  by  capillary 
'  attraction,  and  is  rapidly  decomposed  by 
the  heat  of  the  flame. 

Q.       What  is  capillary  attraction  f 

A.  The  power  which  very  minute 
tubes  possess  of  causing  a  liquid  to  rise 
in  them  above  its  level. 

"Capillary,"  from  the  Latin  word  "capillaris"  {like a 
hair) ;  the  tubes  referred  to  are  almost  as  fine  and  delicate 
as  a  hair. 

Water  ascends  through  a  lump  of  sugar,  or  piece  of 
sponge,  by  capillary  attraction.  N.  B. — Tne  smaller  a 
■  tube,  the  higher  wiU  a  liquid  be  attracted  by  it. 

Q.    '   Why  is  the  flame  of  a  candle  hot? 

A.  Because  the  flame  liberates  latent 
heat  from  the  air' and  tallow. 

Q.       How  is  LATENT  HEAT  liberated  by  the  flame 

of  a  CANDLE  ? 

A.  When  the  elements  of  the  tallow 
combine  with  the  oxygen  of  the  air,  latent 
heat  is  liberated  by  the  chemical  changes. 

Q.       Why  does  the  flame  of  a  candle  •produce 

LIGHT.? 

A.  Because  the  chemical  changes 
made  by  combustion  excite  undulations 
ofether,  which  (striking  the  eye)  produce 
light. 

See  p.  51. 
Q.       Why  is  the  flame  of  a  candle  yellow  ! 
A.     It  is  not  so  altogether  ;  only  the 
outer  coat  of  the  flame  is  yellow — the 
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lower  part  is  violM ;  and  the  inside  of  the 
flame  hoUmv, 

Q.  •     JVhy  is  the  mUside  qf  the  flame  YELLOW  7 
A.     Because  the  carbon  of  the  tallow 

(being*  in  a  state  of  perfect  combustion) 

is  made  white  hot. 

See  p/60. 

Q.  Why  is  the  bottom  part  of  the  flame  pur- 
pU? 

A.  Because  it  is  overladen  with  hydro- 
gen^ raised  from  the  tallow  by  the  burn- 
ing wick ;  and  this  gas  (which  burns 
with  a  bhie  flame)  gives  the  dark  tinge 
to  the  bottom  of  the  candle-flame. 

Q.       Why  is  the  inside  of  the  flame  hollow? 

A.  Because  it  is  filed  with  vapor^ 
raised  from  the  candle  by  the  heat  of  the 
tmck,  and  not  yet  reduced  to  a  state  of 
combustion. 

Q.  Describe  the  different  parts  of  the  flame  cf 
a  comf/ton  candle. 

f  A.  The  flame  consists  of  three  cones. 
The  innermost  cone  is  hollow ;  the  inter- 
mediate one  of  a  dingy  purple  hue;  and 
the  outside  cone  is  yellow. 

Q.  Why  is  the  irUermediate  cone  of  a  flame 
PURPLE  as  well  as  the  bottom  of  the  flame? 

A.  Because  the  gases  are  not  in  a 
state  of  perfect  combustion ;  but  contain 
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an  excess  of  ^hydrogen,  which  gives  the 
flame  a  purple  tinge. 

Q.  Whtf  is  noi  the  midqle  cotu  in  a  stale  ttf. 
perfect  combustion  as  weU  as  the  outer  vne  f 

A.  Because  the  outer  cone  prevents 
the  oxygen  of  the  air  from  getting  to  the 
middle  of  rtie  flame;  and  without  the 
free  access  of  oxygen  gas,  there  is  no 
such  thing  as  complete  combustion. 

Q.  Why  does  the  flame  of  a  candle  point  up- 
wards ? 

A.  Because  it  heats  the  surrounding 
air,  which  (being  hot)  rapidly  ascends^ 
driving  the  name  upwards  at  the  same 
time. 

Q.  Why  is  the  flame  of  a  candle  pointed  at 
the  top  Wee  a  cone  f 

A.  Because  the  upper  part  of  a  flame 
is  more  volatile  than  the  low€r;  and,  as 
it  affords  less  resistance  to  the  air^  is  re- 
duced to  a  mere  point.^ 

Q.  Why  are  the  lower  parts  of  a  flame  less 
volatile  than  the  upper? 

A.  Because  they  are  laden  with  un- 
consumed  gas  and  watery  vapor,  which 
present  considerable  resistance  to  the  air. 

Q.  Why  is  the  flame  of  a  candle  blowi«  ottt 
hy  a  puffofinreath  ? 

A.  Because  it  is  severed  from  the 
wick,  and  goes  out  for  want  of  support. 
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Q.  '  WTiy  does  the  flame  of  a  candle  make  A 
GLASS  {which  is  held  over  it)  damp  ? 

A.  Because  a  "  watery  vapor "  is 
made  by  the  combination  of  the  hydrogen 
of  the  tallow  with  the  oxygen  of  the  air  ; 
and  this  "  vapor  "  is  condensed  by  the 
cold  glass  held  above  the  flame. 

Q.  Why  does  our  hand,  held  above  a  candle, 
suffer  more  from  heat  than  when  it  isrpkbced  below 
theflame,  or  on  one  side  of  it? 

A.  Because  the  hot  gases  and  air 
(in  their  ascent)  come  in  contact  with  the 
hand  placed  above  the  flame ;  but  when 
the  hand  is  placed  below  the  flame,  or  on 
one  side,  it  only  feels  heat  from  radiation. 

Radiation :  i.  e.,  emission  of  rays.  The  candle-flame 
throws  out  rays  of  light  and  heat  in  all  directions ;  but 
when  the  hand  is  held  above  the  flame,  it  not  only  feels  the 
heat  of  the  ray^j  but  also  of  the  ascending  current  of  hot 
air,  &c. 

Q.  Why  is  a  rush  light  extinguished  more 
quickly  than  a  cotton-wick  candle  1 

A.  Because  a*  hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly 
than  porous  cotton ;  as  it  imbibes  less 
fat,  it  supplies  a  smaller  volume  of  com^ 
bustible  gases ;  and,  of  course,  the  light 
is  more  easily  extinguished. 

Q.  Why  is  it  more  difficult  to  blow  out  a  cot- 
ton wick  than  a  rush  light?  - 

A.    'Because  porous   cotton  imbibes 
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the  melted  fat,  or  wax,  much  more  quick* 
]y  than  hard  rush ;  as  it  imbibes  more 
fat,  it  supplies  the  flame  with  a  larger 
volume  of  combustible  gases;  and,  of 
course,  the  light  is  with  more  difficulty 
extinguished. 

Q.  Why  is  a  gas  flahb  more  easily  extin- 
guished when  the  jet  is  very  slightly  turned  on,  than 
tohen  it  is  inftUl  stream  ? 

A.  Because  there  is  less  volume  of 
combustible  gases  in  the  small  flame 
than  in  the  full  blaze. 

Q.  Why  does  an  extinguisher  put  a  candle 
out? 

A.  Because  the  air  in  the  extin- 
guisher is  soon  exhausted  of  its  oxygen  by 
the  flame  :  and  when  there  is  7i9  o:ry- 
gerij  flame  goes  out. 

Q.  Why  does  not  a  candle  set  fire  to  a  piece 
of  PAPER  ttmsted  into  an  extinguisher^  and  used  as 
such? 

A.  1st — ^Because  the  flame  very  soon 
exhausts  tlie  oxygen  contained  in  the  pa- 
per extinguisher  :  and 

2dly  —  The  flame  invests  the  inside 
of  the  paper  extinguislier  with  carbmic 
add  gaSy  which  prevents  it  from  blazing. 

Q.       Why  is  a  long  wick  never  upright  ? 

A.  Because  it  is  bent  by  its  own 
wdight. 
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Q.  A  LONG  WICK  is  covered  with  an  efflores- 
cence ai  the  top.      What  does  this  arise  from  ? 

A.  The  knotty  or  flowery  appear- 
ance ^f  the  top  of  a  wick  arises  from  an 
accumulation  of  particles  partly  separat- 
ed but  still  loosely  hanging  to  the  wick. 

Q.  Why  is  not  the  end  of  a  long  wick  burnt 
OFF  as  it  hangs  over  the  fl/ime  ? 

A.  Because  the  length  of  the  wick 
diminishes  the  heat  of  the  flame;  so  that 
it  is  no  longer  hot  enough  to  consume  the 
wick. 

Q.  Why  do  Palmer's  metallic  wicks  never 
need  snuffing  ? 

A.  Because  the  wick  is  divided  into 
two  parts,  each  of  which  bends  toward 
the  oatside  of  the  flame,  where  the  end 
is  intensely  lieatedy  and  separated  ivova  the 
wick  by  the  current  of  air  up  the  candle. 

N.  B.  The  small  wire  twisted  in  the  wick  greatly  assists  '^ 
the  process. 

Q.       Why  do  common  candles   require  to  be 

SNUFFED  9 

A.  Because  the  heat  of  the  flame  is 
not  sufficient  to  consume  the  toick ;  and 
the  Uynger  the  wick  grows,  the  less  heat 
the  flame  produces. 

Q.      Why  do  wax  candles  never  need  snuff- 

INO? 

A.  JBecause  the  wick  of  loax  candles 
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is  made  of  very  jine  thready  which  the 
heat  of  the  flame  is  sufficient  to  consume. 
The  wick  of  tcdhw  candles  (on  the  other 
hand)  is  made  of  coarse  cotton^  which  is 
too  substantial  to  be  consumed^  by  the 
heat  of  the  flame,  and  must  be  cut  off 
by  snuffers, 

Q.       Why  does  a  pin  siiuk  in  a  rush  liout 

EXTINGXriSH  ii  ? 

A.  Because  a  pin  (being  a  good 
conductor)  carries  away  the  heat  of  the 
flame  from  the  taick,  and  prevents  the 
combustion  of  the  tallow. 

Q.       What  is  the  smoke  of  a  candle  ? 

A.  Solid  particles  of  carbon,  separat- 
ed from  tlie  wick  and  tallow,  but  not 
consumed. 

Q.  Why  are  some  particles  consumed  and  not 
OTHERS  7  • 

A.  The  comhiistion  of  tfie  carbon  de- 
pends upon  its  combining  with  tlie  oxygen 
of  the  air:  now,  as  the  outer  surface  of 
the  flame  prevents  the  access  of  air  to  the 
inteii^or  fmrts^  much  of  the  carbon  of 
those  parts  passes  off  in  smoke. 

Q.  Why  do  LAMPS  SMOKE  ? 

A.  Eitlier  because  the  tmck  is  cut 
unevenly^  or  else  because  it  is  turned  up 
too  high, 

4» 


8b  chemical  action. 

Q.       Why  does  a  lamp  smoke  when  the  wiok  t> 

mU  UNEVENLY  ? 

A.  1st — Because  the  points  of  the 
jagged  edge  Tbeing  very  easily  separated 
from  the  wick)  load  thejlame  with  more 
carbon  than  it  can  consume  ;  and 

2dly — ^As  the  heat  of  the  flame  is 
greatly  diminished  by  these  bits  of  wick^ 
it  is  unable  to  consume  even  the  usacd 
quantity  ofsm,oke. 

Q.  Why  does  a  lamp  smoke  when  the  wick  is 
turned  up  too  high? 

A.  Because  more  carbon  is  separated 
from  the  wick  than  can  be  consumed  by 
thejlame. 

Q.         Why  do  TlOt  "  ARGAND  BURNERS  "  Sf/ioke  f 

A.  Because  a  current  of  air  passes 
through  the  middle  of  thejlame  ;  in  con- 
sequence of  which,  the  carbon  of  the 
interior  is  consumed,  as  well  as  that  in 
the  outer  coating  of  thejlame. 

Q.  Why  does  a  lamp-glass  diminish  the 
SMOKE  of  a  lamp? 

A.  1st — Because  it  increases  the 
supply  of  oxygen  to  the  flame,  by  produ- 
cing a  draught ;  and 

2dly — It  concentrates  and  rejlects  the 
heat  of  the  flame ;  in  consequence  of 
which,  the  combustion  of  the  carbon  is 
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more  perfect,   and   very   little   escapes 
unconsumed. 


CHAPTER  VII. 

ANIMAL  HEAT. 

Q.       What  is  the  cause  cf  animal  heat  t 

A.     Animal  heat  is  produced  hy  the 

combustion  of  hydrogen  •and  carbon  in 

the  capillary  vessels. 

Q.       What  are  capillary  vessels  ? 
.     A.     Vessels  as  small  as  hairs  runnings 
all  over  the  body  ;  they  are  called  capil- 
laiy  from  the  Latin  word  "  capilla'ris" 
(like  a  hair), 

Q.  Do  these  capillary  vessels  run  all  ever 
the  human  body? 

A.  Yes.  Whenever  blood  Jhws  from 
a  wound,  some  vein  or  vessel  must  be 
divided ;  and  as  you  can  bring  blood 
from  any  part  of  the  body  by  a  very 
slight  wound,  these  little  vessels  must 
run  through  every  part  of  the  human 
frame. 

Q.  How  do  HYDROGEN  gas  and  carbon  get 
into  these  very  little  vessels  ? 

A.    The  food  we  eat  is  convert^  into 
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blood  ;  and  blood  contains  both  hydrogen 
and  carbon. 

Q.  How  does  combustion  take  'place  in  the  car 
fiUary  vessels  ? 

A.  The  carbon  of  the  blood  combines 
with  oxygen  of  the  air  we  breathCj  and 
forms  into  carbonic  add  gas, 

Q.  What  BECOMES  of  this  carbonic  acid  gas 
formed  in  the  human  blood  ? 

A.  The  lungs  throw  off  almost  all  of 
it  into  the  air,  b.y  the  act  of  respiration. 

Q.  What  6AS  is  generated  in  a  common  fire 
by  combustion  ? 

A.  Carbonic  a^id gas — ^formed  by  the 
union  of  the  carbon  of  fuel  with  the  oxy- 
gen of  the  air. 

Q.       Wha4  Q  AS  is  generated  by  a  lighted  candle 

or  LAMP  ? 

A:  Carbonic  add  gas — formed  by 
the  union  of  the  carbon  of  the  oU  or  tal- 
low with  the  oxygen  of  the  air. 

Q.  What  is  the  cause  of  spontaneous  com- 
bustion? 

A.  The  piled-up  goods  ferment  from 
heat  and  damp  ;  and  (during  fermenta- 
tion) carbonic  04^  gas  is  formed^  which  is 
attended  with  combustion. 

Q.  Does  the  heat  of  the  human  body  arise  from 
the  same  cause  as  the  heat  of  tire  1 

A.     Yes,  precisely.     The   carbon  of 
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the  blood  combines  with  the  oxygen  of  the 
air  inhaledj  and  produces  carbonic  acid 
g'os^  which  is  attended  with  combustion. 

Q.  ^  animal  heat  is  produced  by  combustion, 
tokt/  does  not  ike  human  body  bvrn  up  like  a  coal  or 
candle? 

A.  It  actually  does  so.  Every  mus- 
cle, nerve,  and  org-an  of  the  body,  actu- 
ally wastes  away  like  a  burning  candle  ; 
and  (bein^  reduced  to  air  and  ashes)  is 
rejected  from  the  system  as  useless. 

Q.  If  every  bone,  muscle,  nerve,  and  organ,  is 
thus  consumed  by  condmstion,  why  is  not  the  body 
entirely  consumed  ? 

A.  It  would  be  so,  unless  the  parts 
destroyed  were  perpetually  renewed :  but 
as  a  lamp  will  not  go  out,  so  long*  as  it 
is  supplied  with  fresh  oil — neither  will 
the  body  be  consumed,  so  long  as  it  is 
supplied  with  sufficient  food, 

Q.  What  is  the  principal  difference  between 
the  combustion  of  a  fire  or  lamp  and  that  of  the 

HUMAN  BODY  ? 

A.  In  the  human  body,  the  combus- 
tion is  effected  at  a  much  hwer  temper- 
ature; and  is  carried  on  more  slowly^ 
than  it  is  in  a  lamp  or  fire. 

Q.  How  is  it  that  carbon  can  be  made  to  hum 
at  so  LOW  a  temperature  in  the  human  body  ? 

A.     Because  the  carbon  in  the  blood 
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is  reduced  to  very  rninute  particles  ;  and 
these  particles  are  ready  to  undergo  a 
rapid  change  as  soon  as  oxygen  is 
supplied. 

Q.  When  a  man  is  STAUvEDyi^Ao/  part$  cfthe 
body  go  first  ? 

A.  First  the  fat^  because  it  is  the 
most  combustible ;  then  the  muscles ; 
last  of  all  the  brain ;  and  then  the  man 
dies,  like  a  candle  ivhich  is  burnt  otU. 

Q.  Why  does  want  of  sufficierU  nourishment 
often  produce  madness  ? 

A.  Because  after  the  fat  and  muscles 
of  the  body  have  been  consumed  by  ani- 
mal combustion,  the  brain  is  next  attack- 
ed ;  and  (unless  the  patient  dies)  mad- 
ness ensues, 

Q.       Why  does  a  man  shrink  when  starved?, 

A.  Because  the  capillary  fires  feed 
upon  the  human  body  when  they  are  not 
supplied, with  food-fuel.  A  starved  man 
shrinks  7*1^^/  as  a  fire  does,  when  it  is  not 
supplied  with  fuel 

Q.       What  is  the  fuel  of  the  body  ? 

A.  Pood  is  the  fuel  of  the  body. 
The  carbon  of  the  food  juixing  with  the 
oxygen  of  tfie  air,  evolves  heat  in  the 
same  way  that  a  fire  or  candle  does. 

Q.       Why  is  evert  part  of  the  body  w^rk? 
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A.  Because  the  capillary  vessels  run 
through  every  part  of  the  human  body, 
and  the  combustion  of  blood  takes  pkioB 
in  the  capiliary  vessels. 

See  p.  84. 
I      Q.       Why  does  running  make  us  warh  ? 

A.  Because  we  inhale  air  more  ror 
pidly  >wrhen  we  run,  and  cause  the  blood 
to  pass  more  rapidly  through  the  lungs 
in  contact  with  it.  Ranning  acts  upon 
the  capillary  vessels  as  a  pair  of  belhws 
on  a  common  ^re. 

Q.  Why  does  inhaling  \air  rapidly  make  iJU 
body  feel  warm? 

A.  Because  nun-e  oxygen  is  intro- 
duced into  the  body.  In  consequence 
of  which,  the  combustion  of  the  blood  is 
more  rapid — the  blood  itself  more  heated 
— and  every  part  of  the  body  is  made 
warmer. 

Q.       Why  does  hard  work  produce  hunger? 

A.  Because  it  produces  quicker  respir 
ration  ;  by  which  means,  a  larger  amount 
of  oxygen  is  introduced  into  the  lungs^ 
and  the  capillary  combustion  increased. 
Hunger  is  the  nxake  (given  by  our  body) 
to  remind  us  that  our  foodrfuel  must  he 
replenished. 

Q.  •    Why  does  sinoino  make  us  hungry  % 
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A.  Because  it  increases  respiration; 
*ian(l,  as  more  oxygen  is  introduced  into 
the  lungs,  our  food-fuel  is  more  rapidly 
consumed. 

Q.       Whi/  does  reading  aloud  make  lis  feel 

HUNGRY  ? 

A.  Because  it  increases  respiration; 
and,  as  more-  oxygen  is  introduced  into 
the  lungs,  our  foodfuel  is  more  rapidly 
consumed. 

Q.  Why  do  we  feel  less  hungry  in  the  night 
than  in  the  day  ? 

A.  Because  we  breathe  more  slowly 
during  sleep ;  therefore,  less  oxygen  is 
introduced  into  the  lungs,  to  consume  our 
foodfuel. 

Q.  Why  do  we  need  warmer  clothing  by 
NIGHT  than  by  day  ? 

A.  1st — Because  the  night  is  genera 
ally  colder  than  the  day  ;  and 

2dly — Our  bodies  are  colder  also  ;  be- 
cause we  breathe  more  slowly,  and  our 
animal  combustion  is  retarded. 

Q.       Why  do  we  perspire  when  very  hot  ?     ^ 

A.  The  pores  of  the  body  are  like  the 
safety  valves  of  a  steam-engine ;  when 
the  heat  of  the  body  is  very  great,  some 
of  the  combustible  matter  of  the  blood 
is  thrown  off  in  perspiration;  and  the 
heat  of  the  body  kept  more  temperate. 
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Q.  Why  do  persons  feel  lazy  and  averse  to 
exercise  when  they  are  half-starved  or  ill-fed? 
-  A.  Animal  food  contains  .great  nou- 
rishment, and  produces  a  desire  for  a4:twe 
occujmtions ;  but,  when  the  body  is  not 
supplied  with  strong  food,  this  desire 
for  muscular  action  ceaseSj  and  the  person 
grows  slothful. 

Q.  Why  have  persons  who  foUow  hard,  out* 
OF-DooRS  OCCUPATIONS  more  APPETITE  tha7i  thou 
ioho  are  engaged  in  sedentary  pursuits  ?  * 

A.  Hard  bodily  labor  in  the  open  air 
causes  much  oxygen  to  be  conveyed  into 
the  lungs  by  irispircUion  ;  the  combustion 
of  the  food  is  carried  on  quickly  ;  animal 
heat  increased;  and  need  for  nutritious 
food  more  quickly  indicated  by  a'amng 
hunger. 

Q.  Why  have  persons  who  follow  sedentary 
PURSUITS  less  AVVETiTE  than  ploughmen  and  masons  f 

A.  1st — Because  the  air  they  inhale 
is  less  pure,  being  deprived  of  some  of 
its  oxygen:  and 

A.     2dly — Their  respiration  is  neither 
so  quick,  nor  so  strong;  and,  therefore,! 
the  combustion  of  their  food  is  carried  on 
more  slowly. 

,      Q.       Why  do  we  like  strong  meat  and  greasy 
food  when  the  weather  is  very  cold  ? 

A.     Because  strong  meat  and  grease 
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contain  large  portions  of  carbon  and  hy- 
drogen; which  (when  burned  in  the 
blood)  produce  a  larger  amount  of  heat, 
than  any  other  kind  of  food. 

Q.  Why  do  persons  eat  more  food  in  cold 
tpeather  than  in  hot  ? 

A.  Because  the  body  requires  more 
fuel  in  cold  weather,  to  keep  up  the  same 
amount  of  anmwl  heat ;  and  as  we  put 
more  coais  on  a  fire  on  a  cold  day,  to  keep 
our  room  warm  ;  so  we  eat  more  food 
on  a  cold  day,  to  keep  our  body  warm. 

Q.       Why  does  cold  produce  hunger  ? 

A.  Ist  —  Because  the  air  contains 
more  oxygen  in  cold  weather;  and,  there- 
fore, ^res  burn  more  fiercely,  and  animal 
combustion  is  more  rapid :  and 

2dly — As  we  are  more  active  in  cold 
weather,  our  increased  respiration  acts 
like  a  pair  of  bellows  on  the  capillary 
combustion. 

Q.       Why  does  rapid  DioESTroN  produce  a  cror 

Ving  APPETITE  ? 

A.  This  is  a  wise  providence  to  keep 
^our  bodies  in  health  ;  they  give  notice  (by 
hunger)  that  the  capillary  fires  need  re- 
plenishing, in  order  that  the  body  itself 
may  not  be  consumed. 

Q.  Why  do  we  feel  a  desire  for  ACTinTy  in 
cold  weather  ? 
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A.  '  1st — Because  activity  increases 
the  warmth  of  the  body,  by  fanning  the 
combustion  of  the  blood :  and 

2dly — ^The  strong  food  we  eat  creates 
a  desire  for  muscular  exertion. 

Q.  Why  are  the  Esquimaux  so  passianaidf 
fond  0^  TRAIN  OIL  and  whale  blubber  ? 

A.  Because  oil  and  blubber  contain 
large  quantities  of  carbon  and  hydrogen^ 
which  are  exceedingly  combustible; 
and,  as  these  people  live  in  climates  of 
intense  cold,  the  heat  of  their  bodies  is 
increased  by  the  greasy  nature  of  their 
food. 

Q.  Why  do  we  fed  a  dislike  to  strong  meat 
and  greasy  food  in  very  hot  weather  f 

A.  Because  strong  meat  and  grease 
contain  so  much  carbon  and  hydro^en^ 
that  they  would  make  us  intensely  hot : 
we  therefore,  instinctively  refuse  them  in 
hot  weather. 

Q.  Why  do  we  like  Crtjits  and  veoetables 
most  in  hot  weather  f 

A.  Because  they  contain  less  hydro- 
gen and  carbon  than  meat ;  and,  there- 
fore, produce  both  less  blood,  and  blood 
of  a  less  combustible  nature. 

Q.  Why  is  the  blood  of  a  less  oombustible  na* 
ture,  if  we  live  chiefly  v/pon  fruits  and  vegetables  ? 

A.    Because   fruits    and   vegetables 
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supply  the  blood  With  a  very  larg-e 
amount  of  water;  which  is  not  combusti- 
ble, like  the  carbon  and  hydrogen  of 
strong  meat. 

Q.      How  do  FRUITS  and  vegetables  cool  the 

BLOOD  ? 

A.  1st — ^They  diminish  the  amount  of 
carbon  and  hydrogen  in  the  blood,  which 
are  the  chief  causes  of  animal  heat :  and 

2dly — ^I'hey  supply  the  blood  with  a 
large  amount  of  water^  which  exudes 
through  the  skin,  and  leaves  the  body 
cool. 

Q.  Why  do  we  feel  lazy  and  averse  to  activity 
in  very  hot  weather  ? 

A.  1st — Because  muscular  activity 
.  increases  the  heat  of  the  body,  by  quick- 
ening the  respiration :  and 

2dly — The  food  we  eat  in  hot  wea- 
ther (not  being  grea;sy)  naturally  abates 
our  desire  for  bodily  activity. 

Q.  Why  do  the  inhabitants  ef  tropical  coun" 
tries  live  chiefly  upon  rice  and  fruit  ? 

A.  Because  rice  and  fruit  (by  diges- 
tion) are  nwinJy  converted  into  water;  and 
(by  cooling  the  blood)  prevent  the  tropical 
heat  from  feeling  so  oppressive. 

Q.  WTiy  are  the  ill-fed  instinctively  averse 
to  cleanliness? 
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A.  Because  ckaniiness  increases  hun- 
gCTj  which  they  cannot  allay  by  food. 

Q.  Why  are  ike  ill-clad  also  instinctively 
averse  to  cleanliness  ? 

A.  Because  dirt  is  warm,  (thus  pigs, 
who  love  warmth,  are  fond  of  dirt)  ;  to 
those,  therefore,  who  are  very  ilt-clad, 
the  warmth  of  dirt  is  iagreeable. 

Q.       Why  are  very  poor  people  instinctively 

AVERSE  to  VENTILATION  1 

A.  1  St — Because  ventilation  increases 
the  oxygen  of  the  air — ^the  combustion  of 
food — and  the  cravings  of  appetite :  and 

2dly — ^Ventilation  cools  the  air  of  our 
rooms :  to  poor  people,  therefore,  who  are 
ill-clad,  the  warmth  of  an  ill-ventilated 
apartment  is  agreeable. 
•   Q.       Wky  does  flannel,  Spc,  make  us  warm  ? 

A.  Flannel  and  warm  clothing  do 
not  make  us  warm,  but  merely  prevent 
our  body  from  becoming  cold, 

Q.  How  does  flannel,  SfC,  prevent  our  body 
from  becoming  cold  ? 

A.  Flannel  (being  a  bad  conductor) 
will  neither  carry  off  the  heat  of  our  body 
into  the  cold  air,  nor  suffer  the  cold  of 
the  air  to  come  in  contact  with  our  xoarm 
body :  and  thus  it  is,  that  flannel  clothing 
keeps  us  warm. 
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Q.  Why  are  frogs  and  fishes  colp-bloodicd 
ammals  ? 

A.  Because  they  consume  very  little 
air;  and,  without  a  plentiful  supply  of 
air,  combustion  is  too  slow  to  generate 
much  animal  heat. 

Q.      Whp  is  a  dead  body  cold  7 

A.  Because  air  is  no  longer  conveyed 
tQ  the  lungs,  after  respiration  has  ceased ; 
and,  therefore,  animal  heat  is  no  longer 
generated  by  combustion. 
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CHAPTER  VIII. 
1. — ^Perccjssion. 

Q.      Haw  is  heat  prodttced  by  mechanical  ac- 

TION  1 

A.  1. — By  Percussion.  2. — ^By  Fric- 
tion.    And  3. — By  Condensation. 

Q.       What  is  meant  by  percussion  ? 

A.  The  a^t'of  striking;  as  when  a 
blacksmith  strikes  a  piece  of  iron  on  his 
anvil  with  his  hammer. 

Q.       Why  does  striking  iron  make  it  red  hot  ? 

A.     Because  it  condenses  the  particles 
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of  the  metal,  and  makes  the  latent  heat 
sensible. 

Q.      Does  COLD  iron  contain  hiTat  ? 

A.  Yes;  everything  contains  heat; 
but,  when  a  thing  feek  cold,  its  heat  is 

LATENT. 

Q.       Whal  is  fneant  hy  latent  heat  ? 

A.  Heat  not  perceptible  to  our  feelings. 
When  anything"  contains  heat  without 
feeling  the  hotter  for  it,  that  heat  is 
called  "  latent  heat^^ 

See  p.  87. 
Q.      Does  COLD  iron  contain  latent  heat  ? 

A.  Yes ;  and  when  a  blacksmith 
compresses  the  particles  of  iron  by  his 
hammer,  he  brings  out  latent  heat ;  and 
this  makes  the  iron  red  hot. 

Q.  How  used  blacksmiths  to  light  tueir 
HATCHES  before  the  general  use  of  lucifers  ? 

A.  They  used  to  place  a  soft  iron 
nail  upon  their  anvil ;  strike  it  two  or 
three  times  with  a  hammer;  and  the 
point  became  sufficiently  hot  to  light  a 
brimstone  match. 

Q.  How  can  a  nail  (beaten  by  a  hammer) 
IGNITE  a  brimstone  match  ? 

A.  The  particles  of  the  nail  being 
compressed  by  the  hammer,  can  no  longer 
contain  so  much  heat  in  a  latent  state^  as 
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they  did  before;  some  of  it,  therefore, 
becomes  sensible^  and  increases  the  tena- 
perature  of  the  iron. 

Q.  Why  does  striking  a  flint  agatnsi  a 
piece  ofBTEEL.  produce  a  spark  ? 

A.  Because  it  compresses  those  parts 
of  the  flint  and  steel  which  strike  toge- 
ther. In  consequence  of  which,  some  of 
their  latent  heat  is  disturbed,  and  exhi- 
bits itself  in  a  spark. 

Q.  How  does  this  development  of  beat  produa 
a  SPARK  a»^  set  tinder  on  fire? 

A.     A  very  small  fragment  (either  of 

the  steel  or  flint)  is  knocked  off  red  hot, 

and  sets  fire  to  the  tinder  on  which  it 

falls. 

Q.  Why  is  it  needful  to  keep  blowing  the 
TINDER  with  the  breath  ? 

A.  In  order  that  the  increased  sup- 
ply of  air  may  furnish  the  tinder  with 
more  oxygen  to  assist  combustion. 

Q.  Whire  does  the  oxygen  of  the  air  comb 
FROM,  which  is  blown  to  the  lighted  tinder  ? 

A.  From  the  air  itself,  which  is  com- 
posed of  two  gases  {nitrogen  and  oxygen) 
mixed  together. 

Every  6  gallons  of  common  air  contain  nearly  4  gallons 
of  nitrogen,  and  1  of  oxygen. 

Q.  What  is  the  use  cf  oxtoen  gas  to  lighted 
tinder  T 
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A.  It  supports  the  combustion  of  the 
tinder.  Blovdng  lig-hted  tinder  carries 
oxygen  to  it  and  quickens  it,  ill  the  same 
way  as  a  pair  of  bellows  quickens  a  dull 
fire. 

Q.  Why  do  HORSES  someiimes  stbjke  fhib 
with  their  feet  ? 

A,  Because  when  their  iron  shoes 
strike  against  the  flint  stones  of  the  road, 
very  srmUl  fragments  (either  of  the  shoe 
or  stones)  are  knockm  off  red  hot^  and 
look  like  sparks. 

Q.       WTuit  makes  these  fragmerUs  red  hot? 

A.  The  percussion  condenses  the  part 
struck :  In  consequence  of  which,  some 
of  its  latent  heat  is  rendered  sensible^  and 
exhibits  itself  in  these  red  hot  fragments. 
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2. — ^Friction. 

Q.       What  is  meant  by  priction  t 

A.  The  act  of  rubbing  two  things  to- 
gether  ;  as  the  Indians  rub  two  pieces  of 
vx)od  together  to  produce  fire. 

Q.      How  do  the  Indians  produce  pire  by  merdy 
HUBHNO  TWO  pieces  cf  dry  wood  together? 
5 
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A.  They  take  a  piece  of  dry  wood, 
sharpened  to  a  point,  which  they  rub 
quickly  up  and  down  a  fiat  piece,  till  a 
groove  is  made  ;  and  the  dust  (collected 
in  this  groove)  catches  fire, 

Q.       Why  does  the  dust  of  the  wood  catch  fire 

by  RUBBING  1 

A.  Because  laterU  heat  is  developed 
from  the  wood  by  friction. 

The  best  woods  for  this  purpose  are  boxwood  against 
mtUherry,  or  laurel  against  poplar  or  ivy. 

Q.      Dq  not  CARRIAGE  WHEELS  sometimes  catch 

FIRE  ? 

A.  Yes ;  when  the  wheels  are  dry — 
or  fit  too  tightly — or  revolve  very  rapidly. 

Q.       Why  do  loheds  catch  fire  in  such  cases  1 
A.     Because  the  friction  of  the  wheels 

against  the  axle-tree  disturbs  their  laterU 

heat,  and  produces  ignition. 

Q.       What  is  the  use  ^g^ieasing  cart  wheels  1 
A.     Grease  lessens  tJie  friction  ;  and, 

because  there  is  less  friction^  the  latent* 

heat  of  the  wheels  is  less  disturbed. 

Q.  Why  does  rubbing  our  hands  and  faces 
make  them  fed  warm  ? 

A.  1st — ^Because  frictioa  excites  ihe 
latent  heat  of  our  hands  and  faces,  and 
makes  it  sensible  to  our  feeling :  and 

2dly — The  blood  is  made  to  circulate 
more  quickly  ;  in  consequence  of  which, 
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the  quantum  of  heat  (left  in  its  passage) 
is  increased. 

Q.  When  a  man  has  been  almost  drowned, 
why  is  stbSfended  animation  restored  by  rubbing  ? 

A.  1st — Because  friction  excites  tlie 
latent  fiedt  of  the  half-inanimate  body : 
and 

2dly — It  makes  the  blood  circulate 
more  quickly^  which  increases  the  animal 
heat. 

Q.       Why  do  two  pieces  of  ice  {rubbed  together) 

MELT? 

A.  Ice  contains  140  degrees  of  latent 
fieaty  and  (when  two  pieces  are  rubbed 
together)  some  of  this  latent  heat  is  made 
sensible^  and  melts  the  ice. 

Q.  Are  not  forests  sometimes  set  on  fire  by 
friction? 

A.  Yes ;  -  when  two  branches  or 
trunks  of  trees  (blown  about  by  the 
wind)  ruh  violently  against  eaxJi  other^ 
their  latent  heat  is  diBvelapedj  and  sets  fire 
to  the  forests. 

Q.  Why  do  carpenters'  tools  (sttch  as  gimlets^ 
saws,JUes,  ^c.)  become  hot  when  used  ? 

A.  Because  the  friction  of  the  tools 
against  the  wood  disturbs  its  latent  heatj 

and  makes  it  sensible. 
'  Q.       Cfivean  illustration  of  this, 
A.     When  cannon  is  bored,  the  borers 
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become  so  intensely  hot  from  friction,  that 

they  would  blister  the  hands,  if  touched. 

Q.       Why  do  these  borers  become  so  intefisely 

HOT? 

A.  Because  the  friction  of  the  borers 
against  the  metal  is  so  great,  that  it  sets 
free  a  large  quantity  of  latent  heat. 


CHAPTER  X. 
3. — Condensation  or  Compression.* 

Q.       What  is  meant  hy  compression  ? 

A.  The  act  of  hririging  parts  nearer 
together  ;  as  a  sponge  is  compressed  by  be- 
ing squeezed  in  tfie  hand. 

Q.  Carmot  heat  he  evolved  from  common  air 
merely  by  compression  ? 

'  A.  Yes ;  if  a  piece  of  €ferman  tinder 
be  placed  at  the  bottom  of  a  glass  tube^ 
and  the  air  in  the  tube  compressed  by 
a  piston^  the  tinder  will  catch  fire. 

JjEL  a  common  syringe  or  squirt,  the  handU  part  (which 
contains  the  sucker,  and  is  fbrced  up  and  down)  is  called 
"the  Piston." 

*  N.  B.  The  redaction  of  matter  into  a  smaller  com- 
pass by  any  external  or  Ttiechanical  foroe  is  called  com« 

PRESSION. 

The  reduction  of  matter  into  a  smaller  compass  by  some 
internal  action  (as  by  the  escape  of  caloric)  is  called  con- 
densation. 
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Q.       Why  wUl  ike  tinder  catch  fire  f 

A.  Because  the  air  is  compressed, 
and 'its  latent  heat  being  squeezed  aut^ 
sets  fire  to  the  tinder  at  the  bottom  of 
the  tube. 

Q.  When  an  air-gun  is  discharged  in  the 
darkj  why  is  it  accompanied  with  a  slight  flash  ? 

A.  Because  the  air  is  very  rapidly 
condensed^  and  its  latent  heat  developed 
in  a  flash  of  light. . 

N.  B.  If  a  glass  lens  be  fixed  in  the  copper  blUl,  (where 
the  air  of  the  g:un  is  condensed^  a  flash  of  light  may  be 
distinctly  discerned  at  the  stroke  of  the  piston. 

Q.  Why  do  DETONATiNO  saU  and  powder  ex- 
plode on  being  rubbed  or  struck  f 

A. .  Because  the  mechanical  action  of 
rubbing-  or  striking*,  produces  sufficient 
heat  to  ignite  the  explosive  materials  of 
which  they  are  composed. 

Q.  Why  are  shot  and  cannon-balls  heated 
by  being  discharged  from  a  gun  or  cannon  f 

A.  Because  the  air  is  so  rapidly  con- 
densed, when  the  discharge  is  made,  that 
sufficient  latent  heat  is  developed  to 
make  the  shot  or  balls  hot. 

Q.  Why  does  the  hole  made  by  a  shot  or  caw 
non-baU  in  a  wall  or  timber,  look  as  if  it  were  burnt  % 

A.  Because  the  shot  or  cannon-balls 
were  so  heated  by  the  discharge,  as  ac- 
tually to  scorch  the  material  into  which 
they  penetrated. 
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EFFECTS    OF    HEAT.      . 

CHAPTER    XI. 
1. — ^Expansion. 

Q.  What  are  the  principal  effects  of  heat  ? 

A.  1 . — Expansion.  2.  —  Liquefac- 
tion. 3. — ^Vaporizatian.  4. — ^Evapora- 
tion ;  abd  5. — Ignition. 

Q.         Does  HEAT  EXPAND  AIR  V 

A.  Yes ;  if  a  bladder  (partially  filled 
with  air)  be  tied  up  at  the  neck,  and  laid 
before  tJieJire,  the  air  will  expand  till  the 
bladder  bursts, 

,  Q.       Why  will  the  air  swell  if  the  bladder  be 
laid  before  the  fire  ? 

A.  Because  the  heat  of  the  fire  will 
drive  the  particlesof  air  apart  frorth  each 
other,  and  cause  them  to  occupy  more 
room  than  they  did  before. 

Q.  Why  do  unslit  chestnitts  crack  vnth  a 
hud  noise  when  roasted  ? 

A.  Because  they  contain  a  great  deal 
of  air  which  is  expanded  by  the  heat  of 
the  fire ;  and  not  being*  able  to  escape, 
bursts  violently  through  the  thick  rind, 
slitting  it,  and  making  a  great  noise. 
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Q.  IVhcU  occasions  the  loud  crack  or  report 
which  we  hear  ? 

A.  Isl — ^The  sudden  bunting  of  the 
rind  makes  a  report ;  in  the  same  way 
as  a  piece  of  wood  or  glass  would  do,  if 
snapped  in  two :  and 

2dly — The  escape  of  hot  air  from  the 
chestnut  makes  a  report  also;  in  the 
same  way  sls  gunpowder,  when  it  escapes 
from  a  gun,  • 

Q.  JVhtf  does  the  sudden  bursting  of  the  rind^ 
or  SNAPPING  of  a  piece  of  wood,  make  a  report? 

A.  Because  a  violent  jerk  is  g-iven 
to  the  ail*,  when  the  attraction  of  cohe- 
sion is  thus  suddenVy  overcome.  This 
jerk  produces  rapid  undulations  in  the 
air,  which  (striking  upon  the  ear)  give 
the  brain  a  sensation  of  sound, 

Q.  Why  does  the  escape  of  air  from  the  chest- 
tuU,  or  the  explosion  cf  gunpowder,  produce  a 

KEPORT  ? 

A.  Because  the  sudden  expansion  of 
the  imprisoned  air  produces  a  partial 
vacuum ;  the  report  is  caused  by  the 
rushing  of  fresh  air  to  fill  up  this  vacuum. 

See  Thunder,  p.  15. 

Q.         J^a  CHESTNUT  be  SLIT,  it  will  NOT  CRACK  ; 

why  is  this  ? 

A.     Because  the  heated  air  of  the 
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chestnut  can  then  freely  escape  through 
the  slU  in  the  rind, 

Q.  Why  does  an  apple  split  and  spurt  about 
when  roasted? 

A.  Because  it  contains  a  vast  quanti- 
ty of  air^  which  (being  expanded  by  the 
heat  of  the  fire)  oitrsto  through  the  peel^ 
carrying  the  juice  of  the  apple  alongf 
with  it. 

Q.  Does  an  apple  contain  more  air  in  propor- 
tion than  a  chestnut  ?  . 

A.  Yes,  much  more.  There  is  as 
much  condensed  air  in  a  common  apple, 
as  would  fill  a  space  48  times'as  large 
as  the  apple  itself. 

Q.      How  can  all  this  air  be  stowed  in  an  apple  ? 

A.  The  inside  of  an  apple  consists  of 
little  cells  (like  a  honey-comb),  each  of 
which  contains  a  portion  of  the  air. 

Q.  When  an  apple  is  roasted,  why  is  one 
pa/rt  made  soft,  whUe  all  the  rest  remains  hard  f 

A.  Because  the  air  jn  those  ceUs  next 
the  fire  is  expanded,  and  flies  out ;  the 
ceUs  are  broken^  and  their  juices  mixed 
together;  so  the  apple  coUapses  (from  loss 
of  air  and  Juice),  and  feels  so/i  in  those 
parts. 

Q.       What  is  meant  by  the  ^  apple  collapsing  9" 
A.    It  means  that  the  jiampness  gives 
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way,  and  the  apple  becomes  flabby  and 

shrivelled. 

Q.  Whjf  do8PARK9  offire  sta^t  {with  a  crack" 
Hng  noise)  from  pieces  of  wood  laiA  upon  a  fire  ? 

k.  Because  the  air-  (expanded  by 
the  hedX)  forces  its  way  through  the  pores 
of  the  wood;  and  carries  along  with  it 
the  covering  of  the  pore,  which  resisted 
its  passage.     " 

Q.       JVkat  is  meant  by  the  "  pores  of  the  wood  ?" 

A.  Very  small  holes  in  the  woody 
through  which  the  sap  circulates. 

Q.  What  are  the  sparks  of  fire  which  Imrst 
from  the  wood  ? 

A.  Very  small  pieces  of  wood  made 
red  hot,  and  separated  from  the  log  by 
the/orce  of  the  air,  when  it  bursts  from 
its  confinement. 

Q.  Why  does  drt  pine  make  more  snapping 
than  any  other  Wood  ? 

A.  Because  the  pores  of  pine  are  very 
large,  and  contain  moj^e  air  than  wood 
of  a  closer*  grain. 

Q.  Why  does  or^en  wood  make  less  snap* 
PING  than  DRY  ? 

A.  Because  the  pores  being  filled 
with  sap,  contain  very  little  air. 

Q.  Why  does  dry  wood  make  more  sNAPPmo 
than  green  ? 

5* 


106  EFFECTS   OF   HEAT. 

A.  Because  the  sap  is  dried  up,  and 
the  pores  are  filled  with  air  instead. 

Q.  Whtf  does  dry  wood  burn  more  easily  than 
GREEN  or  wet  wood  ? 

A.  Because  the  pores  of  dry  wood 
are  filed  imth  air  which  supports  com- 
bustion ;  but  the  pores  of  green  or  wet 
wood  are  filled  with  moisture,  which  ex- 
tingoiishes  flame. 

Q.       Why  does  moisture  extinguish  flame  ? 

A.  1st — ^Because  it  prevents  the  hy- 
^drogen  of  the  fuel  from  mixing  with  the 
oxygen  of  the  air,  to  form  carbonic  add 
gas;  and 

2dly— ^Because  heat  is  perpetually 
carried  off*,  by  the  formation  of  the  sap 
or  moisture  into  steam, 

Q.  Why  do  stones  snap  and  fly  about  when 
heated  in  the  fire  ? 

A.  Because  the  close  texture  of  the 
stone  prevents  the  hot  air  from  escaping ; 
in  cojisequence  of  which,  it  hursts  forth 
imth  great  violence,  tearing  the  stone  to 
atoms,,  and  forcing  the  fragments  into 
the  rooni. 

Probably  some  part  of  tbis  effect  is  due  to  the  setting 
free  Of  the  water  of  crystaUization, 

Q.  VHun  bottled  ale  or  porter  is  set  before  a 
FIRE,  why  is  the  cork  forced  out  soff^etimes  ? 

A.     Because  the  carbonic  oAyid  of  the 


EXPANSION.  107 

liquor  expands  by  the  heat,  and  drives 
out  the  cork. 

Carbonic  acid  gas  is  a  compound  of  carbon  and  oxygfen. 
The  carbon  comes  from  the/iw/,  and  the  oxygen  fVom  the 
air.     See  p.  40. 

Q.  Whif  does  ALE  or  porter  froth  more  after 
it  ha.s  been  set  before  the  fire  ? 

A.  Because  the  heat  of  the  fire  sets 
free  the  carbonic  a^nd  of  the  liquor; 
which  is  entangled  as  it  rises  through 
the  h'quor,  and  produces  bubbles  or  froth. 

Q.  When  a  boy  makes  a  balloon,  and  sets 
fire  to  the  cotton  or  sponge  {which  has  been  steeped  in 
spirits  of  wine),  why  is  the  balloon  inflated? 

-  A.  Because  the  air  of  the  balloon  is 
expanded  by  thejlame^  till  every  crumple 
is  inflated  and  made  smooth. 

Q.  Why  does  the  balloon  rise  after  it  has 
been  inflated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air 
is  expanded  to  three  or  four  times  its  ori- 
ginal volume ;  and  made  so  much  lighter, 
that  even  when  all  the  paper,  wire,  and 
cotton  are  added,  it  is  still  lighter  than 
common  air. 

Q.       Why  does  smoke  rush  up  a  chimney  ? 

A.  Because  the  heat  of  the  fire  ex- 
pands  the  air  in  the  chimney;  which 
(being  thus  made  lighter  than  the  air 
around)  rises  up  the  chimney,  and  carries 
the  smoke  in  its  current. 
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Q.  Why  wili  a  long  chimney  smoke,  urdeH 
the  FIRE  be  pretty  fierce  ? 

A.  Because  the  heat  of  the  fire  will 
not  be  sufficient  to  rarefy  aJU  the  air  in 
the  chimn£y. 

Q.  Why  loill  the  chimney  smoke^  unless  the.  fire 
be  fierce  enough  to  heat  all  the  air  in  the  chimney 
flue'? 

A.  Because  the  cold  air  (condensed 
in  the  upper  part  of  the  flue)  tvill  sink 
from  its  oion  weight ;  and  sweep  the  as- 
cending  smoke  back  into  the  room. 

Q.  TVhcU  is  the  use  of  a  cowl  upon  a  chim- 
ney-pot ? 

A.  It  acts  as  a  screen^  to  prevent  the 
wind  from  blowing"  into  the  chimney. 

Q.  What  HARM  would  the  wind  do  if  it  were 
to  BLOW  into  a  chimney  ? 

A.  1st — It  would  prevent  the  smoke 
from  g-etting-  out ;  and 

2dly — ^The  cold  air  (introduced  into 
the  chimney  by  the  wind)  would  fall 
down  the  flue,  and  drive  the  smoke  with 
it  into  tJie  room. 

Q.  Why  are  some  things  solid,  others  liquid, 
and  others  gaseous  ? 

A.  Because  the  particles  which  com- 
pose some  things  are  nearer  together 
than  they  are  in  others.  Those  in  which 
the  particles  are  closest  are  solid ;  those 
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in  which  they  bxe  furthest  apart  are  gaS'- 
eom;  and  the  rest  liquid, 

Q.  Why  does  heat  change  a  solid  (like  ice) 
first  into  a  liquid,  arid,  then  into  a  gas  ? 

A.  Because  heat  drives  the  compo- 
nent particles  further  asunder  ;  hence  a 
certain  quantity  of  heat  changes  soUd  ice 
into  a  liquid — and  a  further  addition  of 
heat  changes  the  liquid  into  steam, 

Q.       Why  does  WATER  simmer  before  it  boils  f 

A.  Because  the  particles  of  water 
rvear  the  bottom  of  the 'kettle  (being  form- 
ed into  steam  sooner  than  the  rest)  shoot 
upwards;  but  are  condensed  again  (as 
they  rise)  by  the  colder  water^  and  pro- 
duce what  is  called  "  simmering." 

Q.      What  is  meant  by  simmering? 

A»  A  gentle  tremor  or  undulation  on 
the  surface  of  the  water.  When  water 
simmers,  the  bubbles  collapse  beneath  the 
surface^  and  the  steam  is  condensed  to 
water  again  ;  but  when  water  boils,  the 
bubbles  rise  to  the  sur/acCy  and  the  steam 
is  thrown  off. 

Collapse,  i.  e.,  bunt. 
Q»      Why  does  a  kettle  sing  when  the  water 
nnmers  ? 

A.  .  Because  the  air  (entangled  in  the 
water)  escapes  by^^s  and  starts  through 
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the  spout  of  the  kettle,  which  makes  a 
noise  like  a  wind  instrument. 

Q.       Why  does  not  a  kettle  sing  when  the  water 

BOILS  ? 

A.  Because  all  the  water  is  hoUing 
Iwt ;  so  the  steam  escapes  in  a  corUinu- 
ous  stream,  and  not  hyjits  and  starts. 

Q.       TVhen  does  a  kettle  sing'  most  ? 

A.     When  it  is  set  on  the  hob  to  boil. 

Q.  Why  does  a  kettle  sing  more  when  it  is  sei 
on  the  SIDE  of  afire,  than  when  it  is  set  in  the  midst 
of  the  fire? 

A.  Because  the  heat  is  applied  so 
uneqaaUy,  that  oiw  side  is  made  hxMer 
than  the  other  ;  in  consequence  of  which, 
the  steam  is  more  entangled. 

Q.  Why  does  a  kettle  sing,  when  the  hoUing 
water  begins  to  cool  again  ? 

A.  Because  the  upper  surface  cools 
first;  and  the  steam  (which  risei?  from 
the  lower  part  of  the  kettle)  is  again  en- 
tangled^ and  escapes  hy  fits  and  starts. 

Q.       Why  does  boiling  water  swell  1 

A.  Because  it  is  expanded  by  the  heat : 
1.  e. — The  heat  of  the  fire  drives  the  par- 
ticles of  water  further  apart  from  each 
other:  and  (as  they  are  not  packed  so  closer 
ly  together)  they  take  up  more  room  ;  in 
other  words,  the  water  swells. 
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Q.  What  is  meant  when  it  is  said,  that  ^  heat 
drives  the  particles  of  water  further  apart  from 
each  other  ?" 

A.  Water  is  composed  of  little  glo- 
bules, like  very  small  grains  of  sand ;  the 
heat  drives  these  particles  away  from 
each  other ;  and  (as  they  then  require 
more  roorn)  the  water  swelk. 

Q.         Wh^  does  BOILING  WATER  BUBBLE? 

A.  Because  the  vapor  (rising*  through 
the  water)  is  entangled^  and  forces  up 
bubbles  in  its  effort  to  escape. 

N.  B.    All  the  air  of  water  is  expelled  at  the  commenoe- 
ment  of  its  boiling. 

Q.       Why  does  a  kettle  sometimes  boil  over  ? 

A.  Because  the  water  is  expanded  by 
heat;  if,  therefore,  a  kettle  is  JiUed  tmtfi 
cold  water,  some  of  it  must  run  aoer^  as 
soon  as  it  is  expanded  by  heat. 

Q.  Bvt  I  have  seen  a  kettle  boil  over,  aX" 
though  it  has  not  beenJUled  pull  of  water  ;  how  do 
you  accouvifoT  that? 

A.  If  a  fire  be  very  fierce,  the  air  and 
vapor  are  expelled  so  rapidly,  that  the 
bubbles  are  very  numerous ;  and  (tower- 
ering"  one  above  another)  reach  the  top 
of  the  kettky  and^o//  over. 

Q.  Why  is  a  pot  {which  was  fuU  to  over- 
PLOwiNo,  while  the  water  was  boiling  hot)  not 
PULL,  after  it  has  been  taken  off  the  fire  for  a  short 
time? 
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A.  Because  (while  the  water  is  boil^ 
ing)  it  is  expanded  by  the  heat,  and  fills 
the  pot  even  to  overflowing :  but,  when 
it  becomes  cool,  it  contracts  again,  and 
occupies  a  much  less  space. 

Q.  Why  does  the  water  of  a  kettle  run  out 
of  the  SPOUT  when  it  boils  % 

A.  Because  the  lid  fits  so  tightly,  that 
the  steam  cannot  lift  it  up  and  escape  : 
being  confined,  therefore,  in  the  kettle,  it 
presses  on  the  wa^er  with  great  power, 
and  forces  it  out  of  the  spout. 

Q.  JVhat  causes  the  rattling  noise,  so  often 
made  by  the  lid  of  a  saucepan  or  boiler  ? 

A.  The  steam  (seeking  to  escape) 
forces  up  the  lid  of  the  boiler,  and  the 
loeight  of  the  lid  carries  it  back  again : 
this  being  done  frequently^  produces  a 
rattling  noise. 

Q.  If  the  steam  could  not  lift  up  the  lid 
of  the  boiler  how  would  it  escape  ? 

A.  If  the  lid  fitted  so  tightly,  that  the 
steam  could  not  raise  it  up,  the  boiler 
would  hwrst  into  fragments^  and  the  con- 
sequences might  be  fatal. 

Q.  When  steam  pours  out  from  the  spout  of  a 
kettle^  the  stream  begins  apparently  half  an  inch 
qf  the  spout  ;  why  does  it  not  b^n  close  to  the, 
s^outf 

A.     Steam  is  really  invisible  ;  and  the 
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half-inch  (between  the  spout  and  the 
"  stream  ofmist\  is  the  real  stedm^  before 
it  has  been  condensed  by  air. 

Q.  JVhy  is  not  ali,  the  steam  invisible  at 
well  as  that  half-inch  ? 

A.  Because  the  invisible  particles  are 
condensed  by  the  cold  air ;  and,  rolling 
one  into  another,  look  like  a  thick  mist. 

Q.  WTuU  BECOMES  of  the  STEAM  ?  foT  it  sotm 
vanishes, 

A.  After  it  has  been  condensed  into 
mist,  it  is  dissolved  by  the  air,  and  dispers- 
ed abroad  as  invisible  vapor: 

Q,      And  whai  becomes  of  the  invisible  vapor  % 

A.  Being"  lighter  than  air,  it  ascends  to 
the  upper  regions  of  the  atmosphere, 
where  (being  again  condensed)  it  contri- 
butes to  form  clouds, 

Q.  Why  does  Or  metal  spoon  (^  in  a  saucC'^ 
pan)  RETARD  the  process  ^boiling? 

A.  Because  the  metal  spoon  (being 
an  excellent  condw^or)  carries  off  the  heat 
from,the  water  ;  and  (as  heat  is  carried 
off  by  the  spoon)  the  water  takes  a  long- 
er time  to  boil. 

Q.  Why  will  a  pot  (fitted  with  trater)  never 
Boil,  when  immersed  in  another  vessel  fuU  of  water 
also? 

A.  Because  water  can  never  be  hesX^ 
e/Sk  abom  the  boiling  point;  all  the  heat 
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absorbed  by  water  after  it  boils,  is  em- 
ployed in  generating  steam. 

Q.  How  does  the  conversion  of  water  into  steam^ 
prevent  the  inner  vot  from  boiling  ? 

A.  Directly  the  water  in  the  larger 
pot  is  boiling  hot  (or  212°),  steam  isjorm- 
ed  and  carries  off  some  qfits  heal ;  there- 
fore, 21 2°  of  heat  can  never  pass  thrgugh 
it,  to  raise  the  iiiner  vessel  to  boiling 
heat. 

Q.  Why  do  SUGAR,  SALT,  ^.,  RETARD  thcpTO- 
cess  of  BOILING  ? 

A.  Because  they  increase  the  density 
of  water ;  and  whatever  increases  the 
density  of  a  fluid,  retards  its  boiling. 

Q.  If  you  want  wa4er  to  boil  vnthout  coMiNa 
IN  contact  toith  the  saucepan,  wha^  plan  must  you 
adopt  ? 

A.  We  must  immerse  the  pta  (contain- 
ing the  water  to  be  boiled)  in  a  sauce- 
pan  containing  strong  brine,  or  sugar. 

Q.  Why  would  the  inner  vessel  boil,  if  the 
OUTER  vesSel  contained  strong  brine  1 

A.  Because  brine  will  not  boil,  till  it 
is  raised  to  218  or  220°.  ^  Therefore, 
212°  of  heat  may  easily  pass  through 
it,  to  raise  the  vessel  immersed  in  it  to  boU^ 
ing  heat. 

Q.  Why  vnU  brine  impart  to  another  vessel 
MORE  than  2X29,  and  toater  not  so  mvch  ? 
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A.  Because  no  liquid  can  impart  sa 
high  a  degree  of  heat,  as  its  own  bailing 
temperature  :  As  water  boils  at  212°  it 
cannot  impart  212°  of  heat :  but,  as  brine 
will  not  boil  without  21°  of  heat,  it  can 
impart  enough  to  make  water  boil. 

Q.  Whtf  can  liquids  impart  no  extra  heaiy 
after  they  boU  f 

A.  Because  all  extra  heat  is  spent  in 
making^team.  Hence  water  will  not 
boil  a  vessel  of  water  immersed  in  it,  be- 
cause it  cannot  impart  to  it  212°  of 
heat ;  but  brine  will,  because  it  can  im- 
part moj^e  than  212°  of  heat,  before  it  is 
t^se//"  converted  into  steam. 

Ether  boils  at  -  -  100  degs.  Syrup  boils  at  -  -  221  degs. 

Alcohol 173*    "  Oil  of  turpentine  -  314    " 

Water 212     "  Sulphuric  acid  -  -  472-  " 

Water,  with  one-  Linseed  oil 640   " 

fifth  salt  -  -  219     "  Mercury 666    " 

Any  liquid  which  boils  at  a  lotoer  degree  can  be  made  to 
boil,  if  immersed  in  a  liquid  which  boils  at  a  higher  degree. 
Thus  a  cup  of  ether  cau  be  made  to  boil  in  a  saucepan  of 
water.  A  cup  of  water  in  a  saucepan  of  Ifrine  or  syrup. 
But  a  cup  of  water  will  lufl  boil,  if  immersed  in  ether:  nor 
a  cup  of  syrup  in  Ufoter. 

Q.      Why  are  clouds  higher  on  a  fine  day  ? 

A.     Because    they    are    lighter,  and 

mare  buoyant. 

Q.       Why  are  clouds  lighter  on  a  pine  day? 
A.     ist — Because  the  vapor  of  the 
clouds  is  less  condensed;  and 


116  EFFECTS    OF   HEAT. 

2dly — The  air  itself  (on  a  fine  day) 
retains  much  of  its  vapor  in  an  invisibk 
form. 

Q.       Why  is  a  cup  ptU  inverted  iriio  a  pauit- 

PIE? 

A.  Its  principal  use  is  to  hold  tlie 
crust  up,  and  prevent  it  from  sinking, 
when  the  cooked  fruit  gives  way  under  it* 

Q.  Does  not  the  cu/p  prevent  the  fruit  of  the 
pie  from  boiling  over  7 

A.  No — it  will  rather  tend  to  make  it 
boil  over,  as  there  will  be  less  room  in 
the  dish. 

Q.      Explain  this. 

A.  When  the  pie  is  put  into  the  oven 
the  air  in  the  cup  will  begin  to  expand, 
and  drive  every  particle  of  juice  from 
under  it ;  in  consequence  of  which,  the 
pie-dish  will  have  a  cup-full  less  room  to 
hold  its  fruit  in,  than  if  the  cup  were 
taken  out. 

Q.  ^  the  juice  is  driven  out  of  the  cup,  why  is 
the  CUP  always  full  of  jvice  when  the  pie  is  cut  up  ? 

A.  Because  immediately  the  pie  is 
drawn,  the  air  in  the  cup  begins  to  con- 
dense  again,  and  occupy  a  smaller  space  ; 
and,  as  the  cup  is  no  longer  full  of  air, 
juice  rushes  in  to  occupy  the  void. 

Q.  Why  does  juice  rush  into  the  cup  when  fhs 
cup  is  not  full  ^  air  ? 
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A.  Because  the  external  air  presses 
upon  the  surface  of  the  juice,  which  rushes 
unohstruct^  into  the  cup;  as  mercury 
rises  through  the  tube  of  a  barometer. 

N.  B.  Since  the  juice  of  the  pie  runs  into  the  cup,  %b 
soon  as  it  is  taken  out  of  the  oven ;  the  cup  prevents  the 
juice  from  being  spiU  over  ^  crusty  when  the  pic  is  carried 
about  ft^m  place  to  place ;  although  it  does  not  present 
the  fruit  from  boiling  over. 
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Expansion  from  Heat. 

(  Omtinaed.) 

Q.  Does  heat  expand  everything  else  heside» 
air  and  water  f 

A.  Yes :  efoery  thing  (that  man  is  ac- 
quainted with)  is  expanded  by  heat. 

Q.  Why  does  a  cooper  heai  his  hoops  red 
HOT  when  he  jnUs  them  on  a  tub  ? 

A.  1st — As  ii^on  expands  by  heat,  the 
hoops  will  be  larger  when  they  are  red 
hot ;  in  consequence  of  which,  they  will 
fit  on  the  tub  rrwre  easily :  and 

2dly — As  iron  contracts  by  cold,  the 
hoops  will  shrink  as  they  cool  down,  and 
girt  the  tub  with  ^tiglUer  grasp. 

Q.  Why  does  a  wheelwright  make  the  hoops 
XED  HOT  which  he  fixes  on  the  nave  of  a  wheel? 
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A.  1st — That  they  may  fit  on  rrwre 
easily:  and 

2dly — That  they  may  girt  the  nave 
more  tightly, 

Q.  Why  wiU  the  whedwrigMs  hoop  pit  the 
nave  more  easily, ^r  beiitg  made  red  hot? 

A.  Because  it  will  be  expanded  by 
the  heat ;  and  (being  larger)  will  go  on 
the  nave  more  eoMly, 

Q.  Why  will  the  hoops  which  have  been  pot 
on  Hot  girt  the  nave  more  FiRifLT? 

A.  Because  they  will  shrink  when 
they  cool  down ;  and,  therefore,  girt  the 
nave  with  a  tighter  grasp. 

Q.  Why  does  a  stove  maJce  a  crackling 
NOISE  when  afire  is  very  hot  f 

A.  Because  it  expands  from  the  heat ; 
and  the  parts  of  the  stove  rubbing 
against  each  other,  or  driving  against 
the  bricks^  produce  a  crackling  noise. 

Q.  Why  does  a  stove  malu  a  similar  crack- 
ling NOISE  when  a  large  fire  is  taken  down  ? 

A.  Because  it  contra^  again,  when 
the  fire  is  removed ;  in  consequence  of 
which,  the  parts  rub  against  each  other 
again,  and  the  bricks  are  again  disturbed. 

Q.  Why  does  the  plaster  round  a  stove 
CRACK  and  fall  away  ? 

A.  Because  (when  the  fire  is  light- 
ed) the  iron-work  expands  more  than 
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the  brick- work  and  plaster,  and  pushes 
them  aicay ;  but  (when  the  fire  is  put 
out)  the  metal  shrinks  again,  and  leaves 
the  '^setting"  behind. 

The  "  setting"  is  a  technical  word  for  the  plaster,  Ac., 
hi  immediate  contact  with  the  stove. 

Q.       Why  does  the  plaster  pall  away  T 

A.  As  a  chink  is  left  (between  the 
"setting"  and  the  stove),  the  plaster 
will  frequently  fall  away  from  its  own 
weight. 

Q.  WhU  OTHER  cause  contributes  to  bring 
the  plaster  down  ? 

A.  As  the  heat  of  the  fire  varies,  the 
size  of  the  iron  stove  varies  also ;  and  this 
swelling  and  contracting  keep  up  such 
a  constant  disturbance  about  the  plaster, 
that  it  cra/Jcs  and  falls  off,  leaving  the 
fire-place  very  unsightly. 

Q.  Whtf  does  ihe  mercury  of  a  thermometer 
RISE  in  hot  weather  ? 

A-  Because  heat  expands  the  metal, 
which  (being  increased  in  bulk)  occupies 
a  larger  -  space  ;  and,  consequently,  rises 
higher  in  the  tube. 

Q.  TVhp  is  a  glass  broken  when  hot  wateq 
if  poured  into  it  f 

A.  Because  the  inside  of  the  glass  is 
expanded  by  the  hot  water,  and  not  the 
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outside;  so   the  glass  snaps,  in   conse- 
quence of  this  unequal  expansion. 

Q.  Why  is  rioi  the  outside  of  the  glass  ex- 
panded  by  the  hot  wcUer  as  well  as  the  inside  ? 

A.  Because  glass  is  a  had  conductor 
of  heat,  and  breaks  before  the  heat  of  the 
inner  surface  is  conducted  to  the  outside. 

Q.  Why  does  a  glass  STUjq>  because  the  inner 
mrface  is  hotter  than  the  outer  ? 

A.  Because  the  inner  surface  is  ex- 
panded and  not  the  outer:  in  conse- 
quence of  which,  an  opposing  force  is 
created,  which  breaks  the  glass. 

Q.  Why  is  a  china  cup  broken  if  hot  water 
be  poured  over  it,  or  into  it  ? 

A.  Because  it  is  a  had  conductor ; 
and,  as  the  inrher  surface  expands  from 
the  heat,  (and  not  the  outer y)  an  opposing 
force  is  created,  which  breaks  the  cup. 

Q.  If  a  GLASS  BEAKER  be  Set  on  a  warm  hob, 
why  does  the  bottom  come  off  ? 

A.  Because  glass  is  a  had  conductor; 
and  (as  the  hottom  of  the  glass  expands 
from  the  warmth  of  the  hot  stove,  before 
the  sides  are  heated)  the  two  parts  sep* 
arate  from  each  other. 
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CHAPTER  XIII. 

2. ^LiaUEPACTION. 

3. — ^Vaporization. 
Q.      Whai  is  meaiU  by  liquefaction  % 

A.  The  state  of  being  melied;  as  ibe 
IS  melted  by  the  heat  of  the  sun. 

Q.  Why  is  ice  melted  by  the  heat  cfthe  bun  1 
A.  Because,  when  the  heat  of  the 
sun  enters  the  solid  ice,  it  forces  its  par- 
tides  asunder;  till  their  attraction  of 
•cohesion  is  sufficiently  overcome,  to 
convert  the  solid  ice  into  a  liquid. 

See  p.  109. 
Q.       Why  are  metals  melted  by  the  heat  oj 

FIRE? 

.  A.  Because,  when  the  heat  of  the 
fire  enters  the  solid  metal,  \l  forces  itspar^ 
ticks  asunder;  till  their  attraction  of 
cohesion  is  sufficiently  overcome,  to  conr 
vert  the  solid  metal  into  a  liquid, 

Q.  Why  is  water  convert^  into  steam  by 
the  heat  cfthe  fire  ? 

A.  Because,  when  the  heat  of  the 
fire  enters  the  water,  it  separates  its 
globules  into  very  minute  bubmes  ;  which 
(being  lighter  than  air)  fly  off  from  t^ 
surface  in  the  form  of  steam, 

Q.       Why  does  not  wood  melt  like  metal  t 
6 
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A.  Because  the  heat  of  the  fire  cfo- 
composes  the  wood  into  gas,  smoke,  and 
mhes;  and  the  different  parts  separate 
from  each  other. 

Q.       What  is  meant  by  vaporization  ? 

A.  The  conversion  of  a  solictor  liquid 
ifdo  vapor:  as  snow  or  water  is  con- 
verted into  vapor  by  the  heat  of  the 
sun. 

Q.       What  are  clouds  T 

A.  Moisture  evaporated  from  the 
earth,  and  again  partially  condensed  in 
the  upper  regions  of  the  air. 

Q.       Wh^U  is  the  difference  between  a  fog  and  a 

CLOUD  ? 

A.  Clouds  and  fogs  differ  only  in 
one  respect.  Clouds  are  elevcUed  above 
our  heads :  hut  fogs  come  in  contact  wUh 
the  surface  of  the  eai^th. 

Q.       Why  do  ci.om>BTiA>jLT  so  readily  in  the  air  f 
A.     Because  they  are  composed  of 

very  minute  globules  (called  ves'icles) ; 
\which  (being  lighter  than  air)  float,  like 

soap  bubbles, 

Q.       Why  does  vapor    sometimes  form    into 

CLOUDS,  and  sometimes  rest  upon  the  earth  as  mist 

or  FQO  ?, 

A.  This  depends  on  the  temperature 
of  the  air.  When  the  surface  of  the 
ei/MTth  is  warmer  Uian  the  air^  the  vapor 
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of  the  earth  (being  condensed  by  the 
chill  air)  becomes  mist  or  fog.  But, 
when  the  atr  is  vmrmer  than  the  ear^ 
the  vapor  rises  through  the  air^  and  be- 
comes cloud. 

Q.      Are  all  clouds  alike  ? 

A.  No.  They  vary  greatly  in  density, 
height,  and  cohr. 

Q.       What  is  the  chi^  oavse  of  fog  arid  clouds  ? 
A.     The  changes  of  the  wind. 

Many  local  circumstances  also  favor  the  formation  of 
clouds. 

Q.  How  can  the  changes  of  the  wind  a^ect  the 
clouds  ? 

A.  If  a  cold  current  of  wind  blows 
suddenly  over  any  region,  it  condenses 
the  invisible  vapor  of  the  air  into  cloud 
or  rain :  but  if  a  loarm  current  of  wind 
blows  over  any  region,  it  disperses  the 
clouds,  by  absorbing  their  vapor. 
.   Q.       What  COUNTRIES  a/re'the  most  dovdy  f 

A.     Those  where  the  winds  are  mast 

variable,  as  Britain. 

Q.       W?iat  COUNTRIES  are  the  least  doudp  f 
A.     Those  where  the  winds  are  leajst 

variable,  as  Egypt. 

Q.  What  tusTANCE  are  the  clottds' from  tfU 
earth  ? 

A.  Some  thin,  light  clouds  are  eleva- 
ted above   the   highest    mountain-top; 
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some  Jvedvy  ones  touch  the  steeples, 
trees,  and  even  the  earth  :  but  the  (wer- 
age  height  is  between  one  and  two  miles. 

N.  B.    Streaky,  curling  clouds,  like  h&ir,  are  often  5  or 
6  miles  high. 

Q.      What  clouds  are  the  lowest  ? 

A.  Those  which  are  most  highly  elec- 
trified; lightning  clouds  are  rarely  moi-e 
than  about  700  yards  above  the  ground  ; 
and  often  actually  touch  the  earth  vMh 
one  ofthdr  edges. 

Q.       What  is  the  SIZE  of  the  CLOTTDsl 
.'   A.     Some  clouds  are  20  square  miles 
in  surface^  and  above  a  mile  in  thickness  [ 
while  others  are   only  a  few  yards  or 
inches. 

Q.  How  can  persons  ascertain  the  thickness 
of  a  cloud? 

A.  As  the  tops  of  high  mountains  are 
generally  above  the  clouds,  travellers 
may  pass  quite  through  them  into  a  clear 
blue  firmament ;  when  the  clouds  will 
be  seen  beneath  their  feet. 

Q.       What  produces  the  great  variety  in  the 

^HAPE  of  the  CLOUDS? 

A.  Three  things  :  1st — ^The  cause 
and  manner  of  their  formation  : 

2dly — Their  electrical  condition  :   and 
3dly — Their  I'elations  to  currents  of 
wind. 
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Q.      How  can  electbjoitt  a^ed  the  suapb  of 

CLOUDS  ? 

A.  If  one  cloud  be  full  of  electricity 
and  another  not,  they  will  be  attracted  to 
each  other,  and  either  coalesce — dimi- 
nish in  size — or  vanish  altogether. 

Q.  What  clouds  ctssume  the  most  fantastic 
shapes  ? 

A.  Those  that  are  the  most  highly 
electrified. 

Q.  V    Whai  ^eU  have  winds  en  the  snAPE  4f 

CLOUD  ? 

A.  They  sometimes  absorb  them  eii- 
tirely;  sometimes  increase  their  volume 
and  density  ;  and  sometimes  change  the 
position'  of  their  parts. 

Q.      How  can  winds  ab86rb  clouds  aUogeikerf 

A.     Warm^  dry  winds  will  convert  the 

substance  of  clouds  into  invisible  vapor^ 

which  they  will  carry  away  in  their  own 

current. 

Q.  How  can  winds  increase  the  bulk  and 
density  cf  clouds  ? 

A.  Cold  currents  of  wind  will  con- 
dense the  invisible  vapor  of  the  air,  and 
add  it  to  the  chads  with  which  they 
come  in  contact. 

Q.  How  can  winds  change  the  shape  ^ 
clouds,  by  altering  the  position  of  their  parts  f 

A.     Clouds  are  so  voluble  and  lights 
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that  every  breath  of  wind  changes  the  po- 
sition of  their  ves'icles  or  bubbles. 

Q.       What    are  the  general    colors    of  the 

CLOUDS  ? 

A.  White  and  grey,  when  the  sun  is 
above  the  horizon :  but  red,  orange,  and 
yellow,  at  sun-rise  and  sun-set. 

The  blue  sky  is  not  cloud  at  all. 

Q.         "W^y  ar«  ^Ac  LAST  CLOUDS  ^EVENING  ^«l- 

eraUy  of  a  red  tinge  1 

A.  Because  red  rays  (being  the  Uojst 
refrofngihle  of  all)  are  the  last  to  disap- 
pear. 


-^^^ 


Suppose  P  A  to  be  the  red  rays,  P  B  the  yellow,  P  C 
the  blue.    If  the  earth  turns  in  the  direction  of  P  A  D,  it 


ctator  will  see  A,  (the  red  rays,) 
[  P  B  have  passed  from  sight. 

What  is  meant  by  being  "  less  refrangi- 


is  quite  manifest  that  a  s 
some  time  after  P  C  and 

Q. 

A.  Being  less  able  to  be  bent.  Blue 
and  yellow  rays  are  more  easily  bent 
beloi€  the  horizon  by  the  resistance  of  the 
air :  but  red  rays  are  not  so  much  bent 
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down  ;  and^  therefore,  we  see  them  later 
in  the  evening. 

As  at  A  in  the  figure  on  p.  126. 

Q.  Why  are  morning  clouds  generally  of  a 
HIED  tinge? 

A.  Because  red  rays  are  the  least  re- 
frangibk  of  all;  and  not  being  bent  so 
much  as  blue  and  yellow  rays,  we  see 
them  sooner  of  a  morning". 

Thns  (fig.  on  p.  126)  if  the  earth  turned  in  the  direction 
of  D  A  F,  a  spectator  at  D  would  see  A  (the  red  rays)  limg 
before  he  saw  P  B  and  P  C. 

Q.       Why  is  not  the  color  of  clouds  always  alike  7 
A.     Because  their  size^  density,  and  si- 
tuation in  regard  to  the  sun,  are  pei-petu- 
ally  varying  ;  so  that  sometimes  one  co- 
lor is  reflected  and  sometimes  anjother, 
Q.       Whai  regtdcUes  the  ^OTiofi  of  the  ci.0VD^1 
A.     Principally  the  idnds  ;  but  some- 
times electricity  will  influence  their  mo- 
tion also. 

Q.  JHbw  do  yo»  know  that  clouds  move  by 
OTHER  influences  besides  wind  7 

A.  Because  (in  calm  weather)  we 
often  see  smail  clouds  meeting  ectch  other 
from  opposite  directions. 

Q.  How  do  you  know  thai  electricity  affects 
the  motion  of  the  clouds  ? 

A.  Because  clouds  often  meet  fi-om 
opposite  directions ;  and,  having  discharge 
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ed  their  opposite  electricities 'into  each 
other,  vanish  altogether. 

Q.  Into  hmjD  many  classes  are  the  differerU 
sorts  o^  CLOUDS  generally  divided  ? 

A.  Into  three  classes : — ^viz.  Simple, 
Intermediate,  and  Compound. 

Q.      How  art  simple  clouds  sub-divided  ? 
A.     Into  1. — Cirrus;   2. — Cum'ulus  ; 
and  3. — ^Stra  tus  clouds. 

Q.       What  sort  of  ciaouiy^  are  called  ciKEiVst 

A.  Clouds  like  fbres^  hose  hair,  or 
thin  streaks,  are  called  "  cirrus  clouds." 

Q.       Why  are  these  clouds  called  cirrus  ? 

A.  From  the  Latin  word  cirrus  ("  a 
lock  of  hair,  or  curl ").  Cirrus  clouds 
are  the  most  elevated  of  all, 

Q.       What  do  cirrus  clcmds  portend? 

A.  When  the  streamers  point  up- 
wards, the  clouds  are  falling,  and  rain  is 
at  hand :  but  when  the  streamers  point 
downwards,  westerly  winds  or  drought 
may  be  expected* 

Q.       What  sort  o/"  clouds  are  called  cum'ulus  7 

A.  Cum'ulus  clouds  are  lumps,  like 
great  sugar-haves — volumes  of  smoke — 
or  mountains  towering  over  mountains, 

Q:  Why  are  these  monster  masses  called  cum'- 
ulus CLOUDS  ? 

A.  From  the  Latin  word  atm'iUus 
("  a  mass  or  pile  "). 
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Q.  What  do  cum'ulus  douds  foreshow  ? 
A.  When  these  piles  of  cloud  are 
fleecy,  and  sail  against  the  tcind,  they 
indicate  rain;  but  when  their  outline  is 
very  hard,  and  they  come  up  loith  the 
wind,  they  foretell  Jine  weather. 

Omu^ulus  clouds  should  be  smaller  towards  erening 
than  they  are  at  noon.  If  they  increase  in  size  at  sun-set, 
a  thunder-storm  may  be  expected  in  the  night. 

Q.    '  Whai  sort  of  ci^ovds  are  called  stratus? 

A.  Creeping  mists,  especially  preva- 
lent in  a  summer^s  evening* :  these  clouds 
rise  at  sun-set  in  low,  damp  places  ;  and 
are  always  nearer  the  earth  than  any 
oiher  sort  of  cloud. 

Q.       WTiy  are  these  mists  called  str  a  tds  clouds  t 

A.  From  the  Latin  word  stra'tus. 
("  laid  low,"  or  "  that  which  lies  low  ").. 

Q.       What  produces  cirrus  clouds  ? 

A.  Moisture  in  a  visible  form,  deposit^ 
ed  in  the  higher  regions  of  the  atmos- 
phere by  ascending  currents  of  heated  air.. 

Q.       Whai  produces  cum  ulus  clouds  ? 

A.     Masses  of  visible  vapor  passing* 

from  the  places  where  they  wereformedj 

"*  to  other  places  where  they  are  about  to 

be  either  dissolved,  or  deposited  as  falling 

rain. 

Q.       What  produces  stra'tus  clouds  ? 

A.     Beds  of  visible  moisture,  formed 
6» 
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by  some  chilling'  effects,  acting  along-  the 
direct  surface  of  the  earth. 

Q.  How  are  the  inteeheixate  clouds  sub-di- 
tided? 

A.  Into  two  sorts.  1. — The  Cim> 
Cumulus ;  and  2. — T^e  Cirro-Stra'tus. 

Q.       What  are  ciRRO-dxjMULus  clouds ? 

A.  Cirro-Cum  ulus  clouds  are  cirrus 
clouds  springing  from  a  massy  centre; 
or  heaoy  masses^  edged  with  loiig  streaks 
generally  called  ^^mares^  tails.^^ 

A  system  of  smaU  round  clonds  may  be  called  cirro- 
cum'iiliis. 

Q.       W%at  do  ciERO-cuif'uLUS  dauds  generetUf 

FOREBODE  ?  ' 

A.  Continued  drought,  or  hot,  dry 
weather. 

Q.       What  are  cirro-stra  tus  clouds  ? 

A.  They  compose  what  is  generally 
called  a  "  mackarel  sky.^^  This  class  of 
clouds  invariably  indicates  rain  and 
wind  ;  hence  the  proverb — 

"  Mackarel's  scales  and  mares*  tails 
Make  lofty  ships  to  carry  low  sails." 

Q.       What  produce  cirro-cum  ulus  chmds  ? 

A.  CumiUiLS  clouds  dissolving  away 
into  cirrus  produce  the  intermediate  class, 
called  cirro-cum'ulus. 

Q.       What  produce  cirro-stra'tus  clouds  f 
A.     dniis  clouds  accumulating  into 


VAPORIZATION.  131 

denser  masses  produce  the  intermediate 
class,  called  cirro-stra'tus. 

Q.      Haw  wre  compound  clouds  sub-divided  t 

A.  Compound  clouds  are  also  sub- 
divided into  two  sorts.  1. — The  Cum'u- 
lo-Stra'tus ;  and  2. — The  Nimbus  clouds. 

Q.  What  is  meanl  by  cumulo-stk  a'tus  chmds  f 
A.  Those  clouds  which  assume  all 
sorts  of  gigantic  forms ;  such  jas  vast 
towers  and  rocks — huge  whales  and 
dragons — scenes  of  battle — and  cloudy 
giants.  This  class  of  clouds  is  the  most 
romantic  and  strange  of  all. 

Q.       What    do    the    cumulo-stratus    clouds 

FORETELL  ? 

A.  A  change  of  weather  ;  either  from 
fine  to  rain,  or  from  rain  to  fine. 

Q.       What  a/rt  nimbus  clouds  ? 

A.  All  clouds  from  which  rainfcUls. 
Nimbus  is  the  Latin  word  for  ^^  clouds 
which  bring  a  siorm?^  • 

Q.  By  what  particular  character  may  the 
NIMBUS  {or  rain-cloud)  be  at  once  distinguished  ? 

A.  'By  the  want  of  a  defined  outline  : 
Its  edge  is  gradually  shaded  off*  from  the 
deep  grey  mass  into  transparency. 

Q.  What  APPEARAifCE  takes  place  in  the  clouds 
at  the  approofih  of  rain  ? 

A     The  cumftUus  cloud  becomes  star 
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tionary,  and  cirrus  streaks  settle  upon  it^ 
forming*  cum'ulo-stratus  clouds ;  black  at 
first,  but  afterwards  of  a  grey  color. 

Q.       Why  do  CLOUDS  gather  round  mountain 

TOPS  ? 

A.  Because  the  air  (being  chilled  by 
the  coW  mountain  tops)  deposits  its  va- 
por there  in  a  visible  form  or  cloud. 

Q.       What  are  the  uses  of  clouds  ? 

A.  1st — They  act  as  screens,  to  ar- 
rest the  radiation  of  heat  from  the  earth ; 

2dly — They  temper  the  heat  of  the 
sun's  rays  ;  and 

3dly — They  are  the  great  store-houses 
of  rain. 

"  Radiation  of  Tidkt,"  i.  e.,  the  escape  of  heat,  when  no 
conductor  carries  it  away. 

Q.       Why  is  WIND  said  to  blow  up  the  clouds  ? 

A.  Because  a  dry,  warm,  wind  (which 
has  travelled  over  seas)  having*  absorbed 
a  large  quantity  of  moisture,  deposits 
some  of  it  in  the  visible  form  of  clouds, 
asisoon  as  it  reaches  a  colder  region  of 
air. 

Q.  Why  does  wind  sometimes  drive  awat  the 
clouds  ? 

A.  Because  it  has  travelled  over  dry 
climes  or  thirsty  deserts,  and  become  so 
dry,  that  it  absorbl  vapor  from  the 
cloudy,  and  causes  them  to  disappear. 
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Q.       WTutt  is  the  cause  of  a  red  sun-set? 

A.     The  vapor  of  the  air,  not  being 

actually  condensed  into  clouds^  but  only 

on  the  point  of  being  condensed, 

Q.  Why  is  a  red  sun-set  an  indication  of  « 
PINE  DAY  to-morrow  f 

A.  Because  the  vapors  of  the  earth 
are  not  condensed  into  clouds^  by  the  cold 
of  sunset.  Our  Lord  referred  to  this 
prognostic  in  the  following*  words: 
"  When  it  is  evfening  ye  say  it  will  be 
fair  weather,  for  the  sky  is  red."  (Matt. 
XVI.  2.) 

Q.  Whai  is  the  cause  of  a  coppery  yellow 
bun-set  ? 

A.  The  vapor  of  the  air  being  actur 
aUy  condensed  into  clouds, 

Q.  Why  do  vapors  (not  actually  c  ondensed) 
r^ract  red  rays,  while  condensed  vapor  refracts 
yellow? 

A.  Because  the  beams  of  light  meet 
with  very  little  resistance;  in  conse- 
quence of  which,  those  rays  are  bent 
down  to  the  eye,  which  require  the  least 
refraction,  such  as  red. 

See  fignire  on  p.  126^  where  it  is  evident  that  the  red  ray 
P  A,  is  less  bent,  than  the  yellow  and  blue  rays,  P  B,  P  C. 

Q.  Why  do  condensed  vapors  refract  yel- 
low rays,  whereas  vapors  iwt  acttuUly  cojulensed 
T^act  red? 

A.    Because  the  beams  of  light  meet 
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with  more  resistance  from  the  condensed 
vapor ;  in  consequence  of  which,  those 
rays  are  bent  down  to  the  eye,  which  are 
more  refracted  than  the  red,  such  as  yel- 
low. 

See  on  figure  p.  126,  where  it  is  evident  that  the  yellow 
ray,  P  B,  i^  more  bent  than  the  red  ray,  P  A. 

Q.       Why  is  a  yellow  sun-set  an  indiccUion 

ofwiETl 

A.  Because  it  shows  that  the  vapors 
of  the  air  are  already  condensed  into 
dauds ;  rain,  therefore,  may  be  shortly 
expected. 

Q.       Whai  is  the  cause  of  a  red  sun-rise  ? 

A.  Vapor  in  the  upper  region  of  the 
air  just  on  the  point  of  being  condensed. 

Q.  Why  is  a  red  and  lowering  sky  at  sun- 
rise an  indieation  ef  a  wet  day  % 

A.  Because  the  higher  regions  of  the 
air  are  laden  toith  vapor  on  the  very 
point  of  condensation,  which  the  rising 
sun  cannot  disperse.  Hence  our  Lord's 
observation,  "  In  the  morning  ye  say,  it 
will  be  foul  weather  to-day,  for  the  sky 
is  red  and  lowering."     (Matt.  xvi.  3.) 

Q.  Why  is  a  grey  morning  an  indicoHon  of 
a  fine  day  ? 

A.  Because  only  the  air  contiguous  to 
the  earth  is  damp  and  full  of  vapor. 
There  are  no  vapors  in  the  higher  re- 
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gioDS  of  the  air,  to  bend  down  to  the  eye 
even  the  red  rays  of  any  beam  of  light 

Q.  IVhat  difference  {in  the  state  of  the  air)  is 
requiredy  to  make  a  gret  and  red  sun-rise  T 

A.  In  a  grey  sun-rise,  only  that  por- 
tion of  air  contigiums  to  the  earth  is  fiUed 
with  vapor  ;  all  the  rest  is  clear  and  dry. 
But  in  a  red  sun-rise  the  air  in  the  upper 
regions  is  so  full  of  vapor^  that  the  rising 
sun  cannot  disperse  it. 

Q.       Why  is  a  grey  sun-set  aik  indiaUiom 

ef  WET  ? 

A.  Because  it  shows  that  the  air  on 
the  surface  of  the  earth  is  very  damp  at 
surirset ;  which  is  a  plain  proof  that  the 
air  is  saturated  loith  vapor ;  in  conse- 
quence of  which  wet  may  be  soon  ex- 
pected :  hence  the  proverb — 

"  Evening  red  and  morninf  my 
Will  set  the  traveUer  on  his  way; 
But  evenioff  grey  and  morning  red 
Will  bring  down  rain  upon  his  head/' 

Q.  Whai  is  meant  hy  an  aurora  BORSA^LiiS^ 
or  northern  light  f 

A.  LAmmums  chads  in  the  rwrih  of 
the  sky  at  night-time.  Sometimes  streaks 
of  blue,  purple,  green,  red,  &c.,  and 
sometimes  flashesof  light,  are  seen. 

Q.  XVhat  is  the  cause  of  the  aurorJl  borea'* 
Lis^  or  northern  light  T 
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A.  MectrkUy  in  the  higher  regions 
of  the  atmosphere. 

Q.  Why  are  there  different  colors  in  the 
Aurora  JBorealisy  such  as  whitCj  yellow^  red  and 
purple? 

A.  Because  the  electric  fluid  passes 
through  air  of  different  densities.  Tlie 
most  rarefied  air  produces  a  white  ligfii; 
the  most  dry  air,  red;  and  the  most 
damp  produces*  yellow  streaks. 

Q.  Dc^  the  AURORA  borea'lis  forebode  fine 
toeaiher  or  wet  ? 

A.  When  its  coruscations  are  very 
bright,  it  is  generally  followed  by  unset- 
tled weather. 

Q.       Why  does  a  haze  round  the  sun  indicate 

RAIN? 

A.  Because  the  haze  is  caused  by 
very  fine  rain  falling  in  the  upper  regions 
of  the  air :  when  this  is  the  case,  a  rain 
of  5  or  6  hours^  duration  may  be  expected. 

Q.  Why  is  a  halo  round  the  moon  a  sure  in- 
dication  of  kaih  7 

A.  Because  it  is  caused  hy  fine  rain^ 
falling  in  the  upper  regions  of  the  air. 
The  larger  the  halo,  the  nearer  the  rain- 
clouds,  and  the  sooner  may  rain  be  ex- 
pected. 

Q.  What  is  the  cause  of  a  black  mist  :  and 
why  does  it  bring  we^  toeather  ? 
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A.     The  mist  is  bkuk^  because  it  is^ 
overshadowed  by  dense  clouds;  and  toet 
weather  may  be  expected,  because  the 
air  is  saturated  with  vapor. 

Q.  Whi/  is  MIST  sometimes  white  :  and  why 
does  a  white  mist  indicate  fine  weather  ? 

A.  The  mist  is  wkUe^  because  no 
clouds  blacken  it  loith  their  shadow  ;  and 
fine  loeather  may  be  expected,  because 
the  sky  is  cloudless.   , 

Q.  JVhjf  do  toe  feel  almost  suffocated  in  a 
hot  cloudy  night  ? 

A.  Because  the  heat -of  the  earth 
cannot  escape  into  the  upper  region  of 
the  air ;  but  is  pent  in  by  the  clouds, 
and  confined  to  the  surface  of  the  earth. 

Q.  Why  do  we  feel  sprightly  in  a  dear^ 
bright  night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of 
the  air,  and  is  not  confined  and  pent  in 
by  thick  clouds. 

Q.  Why  do  we  feel  depressed  in  spirits  on 
a  WET,  murky  day? 

A.  1st — Because  the  air  is  laden 
with  vapor,  and  has  (proportionally)  less 
oxygen, 

2dly — The  air  being  lighter  than  usual, 
does  not  balance  the  air  in  our  body  ;  and 
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'  3dly — ^Moist  air  has  a  tendency  to  de- 
press the  nervous  system. 

Q.  WTuit  is  meani  by  the  "  air  balaneing  the 
air  in  our  body  ?" 

A.  The  human  body  contains  air  of 
a  given  density ;  if,  therefore,  we  ascend 
into  rarer  air,  or  descend  into  denser,  the 
balance  is  destroyed,  and  we  fed  op- 
pressed. 

Q.  Why  do  we  fed  oppressed,  if  the  air 
arouvd  is  not  rf  the  same  density  as  that  in  our 
body'i 

A.  Because  if  the  air  be  rrwre  dense 
than  our  body,  it  will  produce  a  feeling 
of  oppression  ;  if  it  be  less  dense,  the  air 
in  our  body  will  produce  ^  feeling  of 
distension, 

Q.  Why  do  persons,  who  ascend  in  bal- 
loons, peel  pain  in  their  eyes,  ears,  and  chest  f 

A.     Because  the  air  in  the  upper  re- 
gions of  the  atmosphere  is  more  rare- 
than  the  air  in  their  bodies;   and  (till 
equilibrium  is  restored)  pain  will  be  felt  ia 
the  more  sensitive  parts  of  the  body. 

More  especially  in  the  tympanum  of  the  ear. 
Q.       Why  do  persons,  who  descend  in  diving- 
bells,  feel  pain  in  their  eyes,  ears,  and  chest  f 

A.  Because  the  air  in  the  diving-bell 
is  compressed  by  the  upward*  pressure  of 
the  water;    in  consequence  of  which, 
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great  pain  is  felt  in  the  more  sensitive 
parts  of  the  body. 

The  prennre  thus  caused  is  sometimes  sofllcient  to  rup^ 
hune  the  membrane  of  the  tympanum,  and  produce  inca- 
rable  deafness. 

Q.       Why  are  pearl   divers  very  frequently 

DEAF? 

A.  Because  the  pressure  of  the  water 
against  the  tympanum  of  their  ears  rup- 
tures the  membrane ;  and  this  rupture 
produces  incurable  deafness. 

Q.       W%y  does  the  sea  heave  and  sigh,  put 

PEEYIOirS  to  a  STORM  ? 

A.  Because  the  density  of  the  air 
is  very  suddenly  diminished;  and  (as  the 
density  of  the  air  is  diminished)  its  pow- 
er to  transmit  sound  is  diminished  also  j 
in  consequence  of  which,  the  roar  of  the 
sea  is  less  audible,  and  seems  like  heavy 


Q.       Why  is  the  air  so  wUversaUy  quiet, /imI 

PREVIOUS  to  a  TEMPEST  ? 

A.  Because  the  air  is  sudderdy  and 
very  greatly  rarefied  ;  and  (as  the  density 
of  the  air  is  diminished)  its  power  to 
transmit  sound  is  diminished  also, 

Q.  How  do  you  know,  that  rarefied  air 
Oiim or  TRANSMIT  SOUND  SO  vfdl  as  dense  air  f 

A.  Because  the  sound  of  a  bell^  (in 
the  receiver  of  an  air-pump)  can  scarcely 
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be  heard,  after  the  air  has  been  partially 
exhausted ;  and  the  report  of  a  pistol 
(fired  pn  a  high  mountain)  would  be 
scarcely  audible. 

Q.  Why  do  we  feel  braced  avd  light- 
hearted  on  a  TisK, spring  or  frosty  morning  ? 

A.  1st — Because  there  is  more  oxy- 
gen in  the  air  on  a  fine  frosty  morning", 
than  there  is  on  a  wet  day :  J^nd 

2dly — A  brisk  and  frosty  air  has  a 
tendency  to  brace  the  nervous  system. 

Q.  Why  do  dogs  and  cats  {confined  to  a 
roonC^  fed  lazt  and  drowsy,  tU  the  approach  of 
Tain  T 

A.  1st — Because  the  air  does  not 
contain  its  full  proportion  of  oxygen  ;  and 

2dly — ^The  damp  depresses  their  ner- 
vous system,  and  makes  them  drowsy. 

Q.  WTien  sheep  lie  under  a  hedge,  and  seem 
unvnllifig  to  go  to  pasture,  rain  is  at  hand :  Ex- 
plain the  reason  of  this. 

A.  1st — ^As  the  air  does  not  contain 
its  full  proportion  of  oxygen,  they  feel 
uneasy;  and 

2dly — As  the  damp  air  relates  their 
nervous  system,  they  feel  listless  and 
drowsy. 

Q.  Why  do  horses  neigh,  cattle  low,  sheep 
hleai,  and  asses  hray,  at  the  approa^ch  of  rain? 

A.     1st — As  the  air  does  not  contain 
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its  full  proportion  of  oxygen^  they  feel 
a  difficulty  in  breathing;  and 

2dly — As  damp  relaxes  their  nerves^ 
they  feel  languid  and  uneasy. 

Q.  Mention  some  other  animals,  which  indi- 
QOie  the  approach  of  rain  in  a  similar  way. 

A.  When  pigs  squeak,  as  if  in  great 
pain — ^frogs  croak  with  a  loud,  hoarse 
noise — owls  screech — ^woodpeckers  cry 
— ^peacocks  scream — ^guinea-fowls  squall 
— or  ducks  and  geese  are  unusually 
noisy,  rain  is  close  at  hand. 

Q.  Why  do  CANDLES  and  fires  bu^n  with  a 
BLUER  FLAME  in  wct  wccUheT  ? 

A.  Because  the  air  contains  less  oxy- 
gen in  wet  weather,  and  therefore;  the 
heat  of  fire  is  less  intense :  The  flame  is 
6/w6,  because  the  fuel  is  not  thoroughly 
consumed.     . 

Q.  Why  do  htlls,  4*^.,  appear  larger  in 
WET  weather  ? 

A.  Because  the  air  is  laden  ivith  vapor, 
which  causes  the  rays  of  light  to  diverge 
mor^  ;  in  consequence  of  which,  they  pro- 
duce on  the  eye  larger  images  of  objects, 

Q.  Why  do  trees,  ^c,  in  wet  weather  ap- 
pear FURTHER  OFF  than  they  really  are  ? 

A.  Because  the  fog  or  mist  diminish- 
es the  light  reflected  from  the  object ;  and 
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as  the  object  becomes  more  dim,  it  seems 
to  he  further  off. 

Q.  Whjf  do  CATS  RUB  their  ears,  when  U  is 
likely  to  rain  ? 

A.  Either  because  the  air  isfuU  of 
vapor,  and  its  humidity  (piercing-  between 
the  hair  of  the  cat)  produces  an  itching 
sensatwn :  or  more  probably,  because  the 
air  is  overcharged  with  electricity, 

Q.  How  can  the  eleotricitt  of  air  produce  a 
Mensation  of  itcbing  ? 

A.  If  the  mr  is  overcharged  with 
electricity,  the  hair  of  the  cat  is  over- 
charged also ;  and  this  makes  her  feel 
as  if  she  were  covered  with  cobwebs. 

Q.  Why  does  the  cat  keep  rubbing  hersdff 
A.  Because  her  hair  wUl  not  Ik 
smooth,  but  has  a  perpetual  tendency  to 
become  turgid  and  ruffled;'  so  the  cat 
keeps  rubbing  her  coat  and  ears,  to 
smooth  the  hair  down,  and  brush  away 
the  feeling  of  cobwebs. 

Q.  Why  do  our  heads  and  skin  itch  btfore 
rain?  # 

A.  Probably  because  the  air  is  over- 
charged  idth  electricity;  and,  therefore, 
a  sensation  (like  that  of  cobwebs)  irri- 
tates the  skin,  and  produces  an  itching. 

Q.       When  the  plants  called  trefoil,  dande- 
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uon^  PDiPERNEL,  ^,  FOLD  Up  their  leaveSj  rain  is 
always  close  at  hand  :  Explain  this. 

A.  1st — ^The  cloudy  weather  dimin- 
ishes the  light  of  the  sun ;  and  without 
the  stimulus  of  sun-light,  these  flowers 
never  open  their  leaves. 

2dly — The  vapor  of  the  damp  air,  in- 
sinuating itself  into  the  air-vessels  of 
these  delicate  plants,  causes  them  to 
expand;  in  consequence  of  which,  the 
leaflets  contract  and  chse. 

All  these  plants  close  at  sun-set  also. 

Q.       TVhy  do  doors  swell  in  rainy  weaiher  f 

A.     Because  the  air  is  jUkd  loith  va^ 

por,  which  ^penetrating  into  the  pores  of 

the  wood)  forces  the  parts  further  apart, 

and  swells  the  door. 

Q.       Why  do  DOORS  shrink  in  dry  weather? 

A.  Because  the  moisture  is  absorbed 
from  the  wood  ;  and,  as  the  particles  are 
brought  closer  together,  the  size  of  the 
door  is  lessened — ^in  other  words,  the 
wood  shrinks. 

Q.  Why  is  the  aik  filled  with  offensive  sbcells, 
just  previous  to  a  coming  rain  ? 

A.  Because  the  volatile  parts  which 
rise  from  dunghills,  sewers,  &c.,  are  pre- 
vented (by  the  vapor  of  the  air)  from 
rising  so  readily,  as  when  the  sun  is 
shining  brightly. 
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Q.       Why  do  flowers  smeU  sweeter  and 

STRONGER,  jUSt  prCvioUS  tO  RAIN  ? 

A.  Because  the  volatile  parts  which 
constitute  the  perfume  of  flowers,  are 
prevented  (by  the  vapor  of  tlie  air)  from 
fising;  in  consequence  of  which,  they 
are  confined  to  the  lower  regions  of  the 
atmosphere. 

N.  B.  Many  essential  oils  and  other  volatile  substances, 
which  produce  odors  in  plants,  require  the  presence  of 
much  moisture  for  their  perfect  development. 

Q.       Why  flo  HORSES  and  other  animals  stretch 
out  their  necks^  and  snuff  wp  the  air,  just  'previous 
•to  a  fail  of  RAifi  ? 

A.  Because  they  smell  the  odor  of 
plants  and  hay,  and  delight 'to  snufF  in 
their  fragrance. 

Q.  H^y  does  smoke  fall,  when  rain  is  ai 
hand? 

A.     Because  the  air  is  less  denf^e,  and  ^ 
cannot  buoy  up  the  smoke  so  readily  as 
dry  and  heavy  air. 

Q.  Why  do  swallows  ply  low,  when  rain 
15  at  hand  ? 

A.  Because  the  insects  (of  which  they 
are.  in  pursuit)  have  fied  from  the  coldy 
upper  regioiis  of  the  air,  to  the  icarm  air 
near  the  earth  ;  and,  as  their  food  is  loWj 
the  swallows^?/  low. 

Q.     Why  do  thrse  insects  $eek  the  lower  regions 
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<JfA^^^^  in  WET  ti>eaiAer,  mere  ikon  in  finb 

A.     Because   (in -wet   weather)  the 
upper  regions  of  the  air  are  colder  than 
the  hwer;.  and,  as  insects  enjoy  warmth 
they  seek  it  near  the  earth.  ' 

Q.       Why  does  a  DOWNWARD  current  of  cold 

AIR  hrtng  RAIN?  -^ 

A.  Because  it  condenses  the  warm 
vapor;  which  (being  condensed)  de- 
scends  in  rain. 

Q.  The  proverb  Mays,  «  A  single  kaopib  in 
^ng,  pouL  WEATHER  wiU  bHng :''  Why  is  this 
the  case  f  ^ 

A.  Because  in  cold,  stormy  weather 
one  rmgpk  ahne  will  leave  its  warm,' 
snug^  nest  in  searc/i  of  food,  while  the 
other  stays  with  the  eggs,  or  young  ones; 
but  in  Jine,  mild  weather  (when  their 
brood  will  not  be  injured  by  cold)  both 
the  nuigpksjly  out  together, 

Q.  Why  is  it  unlucky  for  anglers  to  see  a 
single  magpie  in  spring  ? 

A.  Because  when  magpies  fly  abroad 
singly,  the  weather  is  cold  and  stormy ; 
but,  when  both  birds  fly  ovt  together,  the 
weather  is  tmrm  and  mild,  which  is 
fcuoorableforflMng, 

Q.  Why  do  sea-gulls  fly  aJboui  the  sea  in 
mm  weather? 

7 
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A.  Because  they  lipe  upmi  the  fishes^ 
which  are  found  near  the  surface-  of  the 
eea  in  fine  weather. 

Q.  Why  may  we  expect  stormy  rains,  when 
8EA-GT7LLS  assemble  on  the  land  f   > 

A.  Because  the  fishes  (on  which 
they  live)  leave  the  surface  of  the  sea  in 
stormy  weather,  and  are  beyond  ttoe 
reach  of  the  sea-ffuUs  ;  in  consequence 
of  which,  they  are  obliged  to  feed  on  the 
worms  and  iarvce^  which  are  driven  out 
of  the  gi'oimd  at  such  times. 

Larvae,  little  grubs  and  caterpillars. 
Q.       Why  do  PETRELS  fiy  to  the  sea  during  a 
storm? 

A.  Because  they  live  upon  sea  insects^ 
which  are  always  to  be  found  in  abun- 
dance about  the  spray  ofsweUvng  waves. 

N.  B.  Petrels  are  birds  of  the  duck-kind,  which  live  in 
the  open  sea..  They  run  on  the  top  of  the  waves,  and  aro 
called  Petrels,  or  rather  Peter-els,  fVom  "  St.  Peter,"  in 
allusion  to  his  walking  on  the  sea,  to  go  to  Jesus. 

Q.  Why  do  candles  and  lamps  spirt,  when 
RAIN  is  at  hand  ? 

A.  Because  the  air  is  filled  mth  vapor 
which  penetrates  the  wick;  where  (being 
formed  into  steam)  it  expands  suddenly, 
and  produces  a  little  explosion. 

Q.  Why  does  a  drop  of  water  sometimes  roll 
t^Umg  a  piece  of  hot  iron^  without  leaving  the  lead 
trace? 
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A.  Because  the  bottom  of  the  drop  is 
turned  into  vapor,  which  buoys  the  arop 
vpj  without  allowing  it  to  toiiph  the  iron. 

Q.       Why  does  it  roll  1 

A.  Because  the  current  of  air  (which 
is  always  passing  over  a  heated  surface) 
drives  it  along, 

Q.  Why  does  a  laundress  put  a  little  saliva 
on  a  FLAT-IRON,  to  know  if  U  be  hot  enough  ? 

.  A.  Because  when  the  saliva  sticks  to 
the  box,  and  is  evaporated,  she  knows  it 
is  not  sufficiently  hot ;  but,  when  it  runs 
along  the.  iron,  it  is. 

Q.  Why  is  the  flat-iron  hotter  if  the  saliva 
RUNS  ALONG  it,  than  if  it  adheres  tiU  it  is  evap&r^ 
ated? 

A.  Because  when  the  saliva  runs 
along  the  iron,  the  heat  is  sufficient  to 
convert  the  bottom  of  the  drop  into  vapor; 
but,  if  the  saliva  icill  not  roll,  the  iron  id 
not  sufficiently  hot  to  convert  the  bottom 
of  the  drop  into  vapor. 


CHAPTER  XIV. 

4. EVAPORATION. 

Q.       What  is  meant  by  evaporation  1 
A.     The  dissipation  of  liquid  by  its 
conversion  into  vapor. 
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Q.       What  EFFECTS  are  produced  by  evaporaiionT 

A.  The  liquid  vaporized  absorbs  heal 
from  the  body  whence  it  issues ;  and  the 
body  depriv&i  of  the  liquid  by  evapora- 
tion, loses  heat. 

Q.  If  you  WET  your  finger  in  your  mouthy 
and  "hold  it  up  in  the  air^  why  does  it  feel  cold  ? 

A.  Because  the  saliva  quickly  evap- 
orates;  and  (as  it  evaporates)  absorbs 
heat  from  the  finger^  making  it  feel  cold. 

Q.  If  you  BATHE  your  temples  toUh  ether, 
why  does  it  allay  inflammation  and  feverish  head  T 

A.  Because  ether  very  rapidly  evapo- 
rates; and  (as  it  evaporates)  absorbs  heat 
from  the  burning  head,  producing  a  sen- 
sation of  cold. 

Q.  Why  is  ether  better  for  this  purpose  than 
water  ? 

A.  Because  ether  requires  less  heat 
to  convert  it  into  vapor ;  in  consequence 
of  which,  it  evaporates  more  quickly. 

N.  B.    Ether  is  converted  into  vapor  with  100*^  of  heat :  , 
bat  water  requires  212^  of  heat  to  convert  it  into  steam. 

Q.       Why  does  ether  very  greatly  relieve  a 

80ALD  or  BURN  ?  . 

A.  BecauBe  it  evaporates  very  rapidly; 
and  (as  it  evaporates)  caniesoffthe  /leat 
of  the  bum. 

Q.       Why  do  we  feel  cold,  when  we  have  wet 

FSET  or  CLOTHES  ? 

A.    Because  the  wet  of  our  shoes  or 
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clothes  rapidly  evaporates;  and  (as  it 
evaporates)  absorbs  heat  from  our  hody^ 
which  makes  us  feel  cold. 

Q.  iVky  do  WET  FEET  OT  CLOTHES  givC  1M 
"COLD?"      • 

A.  Because  the  evaporation  absorbs 
heat  so  abundantly  from  the  surface  of 
our  body,  that  its  temperature  is  lowered 
below  its  natural  standard;  in  conse- 
quence  of  which,  health  is  injured. 

Q.       Why  is  it  dangerous  to  slee?  in  a  damp 

BED? 

A.  Because  the  heat  is  continually 
absorbed  from  the  surface  of  our  body, 
to  convert  the  damp  of  the  sheets  into  var 
par;  in  consequence  of  which,  our  ani- 
mal heat  is  reduced  below  the  healthy 
standard. 

Q.  Why  is  HEALTH  INJURED,  whcn  the  tem- 
perature of  the  BODY  is  REDUCED  bdow  Us  naiural 
standard  1 

A.  Because  the  balance  of  the  circula- 
tion is  destroyed.  Blood  is  driven  away 
from  the  external  surfajce  by  the  cftiw, 
and  thrown  upon  the  internal  organs, 
which  are  oppressed  by  this  increased 
had  of  blood. 

Q.  Why  do  toe  not  feel  the  same  sensation  of 
cold,  if  we  throw    a    macintosh  over  our  wet 

CLOTHES? 
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A.  Because  the  macintosh  (being*  aiir 
tight)  prevents  evaporation ;  and  (as  the 
wet  cannot  evaporate)  no  heat  ia  absorbed 
from  our  bodies.  , 

Q.  Why  do  NOT  sailors  get  cold,  who  are 
frequxTUly  wet  aU  day  with  sea- water  ? 

A.  l6t — Because  the  salt  of  the  sea 
retards  evaporation  ;*  and  (as  the  heat  of 
their  body  is  drawn  off  gradually)  thft 
sensation  of  cold  is  prevented. 

2dly — ^The  salt  of  thfe  sea  acts  as  a 
stimulant,  and  keeps  the  Hood  circulat- 
ing in  the  skin. 

Q.  Why  does  sprinkling  a  hoT'  room  with 
water  cool  it  ? 

A.  Because  the'  heat  of  the  room 
causes  a  rapid  eiyaporation  of,  the  sprin-^ 
kled  water  :  and  as  the  water  evaporated, 
it  absorbs  heat  from  the  room^  which 
cools  it. 

Q.  Why  does  watering  the  streets  and 
roads  cool  them? 

A.  Because  they  part  with  their  heat 
to  promote  the  evaporation  of  the  water 
^ninkled  on  them. 

Q.  Why  does  a  shower  of  rain  oool  the  Ant 
in  suMfner-time  f 

Ai  Because  the  wet  earth  parts  idth 
its  heat  topromxAe  eMporation  ;  and  when 
the  earth  is  cooled,  it  cools  the  air  also. 
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Q.  Why  is  linen  dried  by  being  exposed  to 
IJlewiND? 

A.  Because  the  wind  accelerates 
evaporation^  by  removing  the  vapor  from 
the  surface  of  (he  wet  linen,  as  fast  as  it 
is  formecT. 

Q.  Why  is  linen  dried  sooner  in  the  open 
ASBj  tha/fi,  in  a  wnfvned  room  ? 

A.     Because  the  particles  of  vapor  are 

more  rapidly  removed  from  the  surface 

of  the  linen  hy  evaporation. 

Q.  Why  art  wet  summers  generally  suc- 
ceeded hy  COLD  WINTERS  ? 

A.  Because  the  great  evaporation 
(carried  on  through  the  wet  summer) 
reduces  the  temperature  of  tlie  earth  lower 
than  usug,ly  ana  produces  cold. 

Q.  Why  is  this  country  warmer  and  the 
winters  less  sever t  than  formerly  ? 

A.  Because  it  is  better  drained  and 
oetter  cultivated.    • 

Q.       Why  does  draining  larid  promote  warmth  ? 

A.  Because  it  diminish£8  evaporation  ; 
in  consequence  of  which,  less  /teat  is  ab- 
stracted from  the  earth. 

Q.  Why  does  cuLXiyATioN  increase  the 
WARMTH  efa  amniryf 

A.  Ist — Because  hec^es  and  belts  of 
trees  are  multiplied : 

2dly — ^The  land  is  better  drained :  and 
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3dly  — ^The  vast  forests  are  cut  dawn. 

Q.       Why  do  HEi^GEs  and  belts  of  trees  pro- 

mote  WARMTH  ? 

A.  Because  they  retard  evaporation^ 
by  keeping  off  the  wiiid, 

Q.  i^  belts  of  trees  promote  warmth,  why  do 
FORESTS  produce  cold  ? 

A.  1st — Because  they  detain  and 
condense  the  passing  chads  ; 

2dly — They  prevent  the  access  of 
both  wind  and  sun  ; 

3dly — ^The  soil  of  forests  is  always 
covered  with  long,  damp  grass^  rotting' 
leaves,  and  thidc  brushicood;  and 

4thly — In  every  forest  there  are  al- 
ways many  hollows  full  of  stagnant 
water. 

Q.  Why  do  long  grass  and  rotting  leaves 
promote  cold  ?      -^ 

A.  Because  they  are  always  damp  ; 
and  evaporation,  which  they  promote,  is 
constantly  absorbing  heat  from  the  earth 
beneath. 

Q.  Why  are  France  and  Germany  warmer 
now,  than  when  the  vine  would  not  ripen  there  f 

A.  Chiefly  because  their  vast  forests 
have  been  cut  doion;  and  the  soil  is  bet- 
ter drained  and  cultivated. 

Q.  What  becomes  of  the  water  of  fonds  and 
TUBS  in  summer-time  f 
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A.  Ponds  and  tubs  are  often  left  dry 
in  summer-time,' because  their  water  is 
evaporated  by  the  air. 

Q.  H&w  is  this  evaporation  produced  and 
carried  on  ? 

A.  The  heat  of  the  air  changes  the 
surfoice  of  the  water  into  vapor^  which 
(blending-  with  the  air)  is  soon  wafied 
away  ;  and  similar  evaporation  is  repeat- 
edly produced,  till  the  pond  or  tub  is 
left  quite  dry. 

Q.       Why  wt  the  wheels  of  some  machines 

kept  CONSTANTLY  wet  with  WATER  ? 

A.  lb  carry  off  (by  evaporation)  the 
heat  which  arises  from  the  rapid  motion 
of  thcx  wheels. 

Q.       Why  is  mould  hardened  by  the  sun  % 

A.  Because  the  moisture  of  the 
mould  is  exhaled  by  evaporation ;  and, 
as  the  earthy  particles  are  brduglit  doser 
together,  the  mass  becomes  more  solid. 

Q.  Show  the  WISDOM  tf  god  in  this  arrange^ 
meni. 

A.  If  the  soil  did  not  become  crusty 
and  hard  in  dry  loeather,  the  heat  ana 
drought  would  ^ne^rafe  ^e  soil,  and  kill 
both  seeds  and  roots. 

Q.  Why  is  tea  cooled  faster  in  a  saucer 
ikan  in  a  cup  ?    * 

A.     Because  evaporation  is  increased 
7* 
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by  iThcreadng  the  surface  ;  and,  as  tea  in 
a  saucer  presents  a  k^ger  mrfuce  to  the 
mr^  its  heat  is  more  rapidly  carried  off 
by  evaporation. 

(The  subject  of  "  convection"  will  be  treated  of  in  a  fti- 
iure  chapter;  it  wcmU  acarcelj  be  ii9dersto<3d  in  this 
p}ace.  See  p.  213.) 

Q.       Why  is  not  the  vapor  of  the  sea  salt  ? 
A.     Because  the  scdt  is  always  left 
behind^  in  the  process  of  evaporation. 

Q.  What  is  that  white  crust,  which  appears 
(in  hot  weather)  upon  clothes  wetted  by  sea  waier  ? 

A.     The  salt  of  the  water ^  left  on  the 

clothes  by  evaporation. 

Q.  Why  does  this  white  crust  always  pis- 
appear  in  WET  weather? 

A.  Because  the  moisture  of  the  air 
dissolves  the  salt;  in  consequence  of 
which,  it  is  no  longer  visible^ 

Q.  Why  should  not  persons,  who  take  violent 
exerdsej  wear  very  thick  clothing  ? 

A.  Because  it  prevents  the  pei-spira- 
tion  from  evaporating.  When  th^  heat 
of  the  body  is  increased  by  exercise,  per- 
spiration reduces  the  heat  (by  evapora- 
tion) to  a  healthy  standard;  as  thick 
clothing  prevents  this  evaporation,  it  is 
injurious  to  health. 
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COMMUNICATION   OF   HEAT. 

CHAPTER  XV. 

1 — Conduction. 
Q.      How  is  BB4.T  COMMUNICATED  froM  One  body 

A.  )!— By  Coaduction.  2.— By  Ab- 
sorption. 3. — By  Reflection.  4 — By 
Radiation.     And  5. — By  Convection. 

Q.       What  is  meant  by  coNDUCTtoN  of  heal  T 

A.  Heat  cooimunicated  from  one 
body  to  another  by  actual  mntojct, 

Q.  Why  does  a  piece  of  wood  (blazing  at 
ONE  end)  fiOT  feel  hot  at  the  other  ? 

A.  Because  loood  is  so  bad  a  conduct-' 
or,  that  heat  does  not  traverse  freely 
througfh  it;  hence,  though  one  end  of 
a  stick  be  blazing*  the  other  end  may  be 
quite  cold. 

Q.  Why  do  some  things  feel  colder  than 
others  r 

A.  Principally  because  they  are  bet- 
ter  conductors ;  and  draw  off  heat  from 
our  body  much  faster. 

Q.       What  are  the  best  conductors  of  heatI 

A.    Dense,  solid  bodies,  such  as  metal 
'and  stone. 
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Q.  TFAicA  METALS  artf^A^mOS^  RAPID  CONDUCT- 

ORS^ HEAT? 

A.  The  best  conductors  of  heat  are 
1.  gold,  2.  silver,  3.  copper : 

The  next  best  are  4.  plat'inum,  5.  iron, 
6.  zinc,  7.  tin.  Lead  is  a  very  inferior 
conductor  to  any. of  the  preceding  metals. 

Q.       Whai  are  the  worst  conductors  ^h  bat  % 

A.  All  light  and  porous  bodies  ;  such 
as  hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  oonductors  known  are  hare's  fur  and 
eider  down ; — the  two  next  worst  are  beaver's  fur  and  raw 
silk ; — then  wood  and  lamp-black ; — ^then  cotton  and  fine 
lint  ;-^then  charcoal,  wood  ashes,  &«. 

Q.  Why  are  cooking  vessels  often  furnished 
with  wooden  handles? 

A.  Because  wood  is  not  a  good  con- 
diLCtor,  like  metal ;  and,  therefore,  wooden 
handles  prevent  the  heat  of  the  vessel 
from  rushing  into  our  hands,  to  burn 
them. 

Q.  Why  is  the  handle  of  a  metal  tea-pot 
made  of  wood  ? 

A.  Because  wood  is  a  bad  conductor; 
therefore,  the  heat  of  the  boiling  water 
is  not  so  quickly  conveyed  to  our  hand  by  a 
wooden  handle,  as  by  one  made  of  metal 

Q.  Why  would  a  metal  handle  burn  the 
HAND  of  the  tea-maker  T 

A.  Because  metal  is  an  excellent  con- 
doctor  ;  therefore,  the  heat.of  boiling  wa- 
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ter  would  rush  so  quickly  into  the  metal 
handle^  that  it  would  burn  our  hand. 

Q.  Prove  that  a  metal  handle  vdoM  be  hot- 
ter than  a  wooden  one. 

A.  If  we  touch  the  metai  collar  into 
which  the  wooden  handle  is  fixed,  we 
shall  And  that  the  wooden  handle  feels 
cold,  but  the  nietal  collar  intensely  hot. 

Q.  Why  do  persons-  use  paper  or  woollen 
kettle-holders  ? 

A.  Because  paper  and  woollen  are 
both  very  bad  conductors  of  head; ;  in  con- 
sequence of  which,  the  heat  of  the  kettle 
does  not  readily  pass  through  them  to  the 
hand. 

Q.  Does  th^  heat  of  the  boiling  kettle  never 
get  through  the  ttooUen  or  paper  kettle-holder  ? 

A.  Yes ;  but  thoug'h  the  kettle-holder 
became  as  hot  as  the  kettle  itself,  it 
would  neYer  feel  so  hot. 

Q.  Why  would  not  the  kettle-holder  feel  so  hoi 
as  the  kettle^  when  both  are  of  the  same  temperature  T 

A.  Because  it  is  a  very  bad  conduct- 
or, and  disposes  of  its  heat  too  slowly  to 
be  percejaible ;  but  metal  (being  an  cir- 
cdlent  conductor)  disposes  of  its  heat  so 
quickly^  that  the  sudden  influx  is  painfuF. 

Q.  Why  does  hot  metal  feel  more  intensely 
WARM  than  hot  wool  ? 

A.    Because  metal  gives  out  a  much 
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grealer  quantity  of  heat  in  the  same  space 
of  time ;  and  the  influx  of  heat  is,  con* 
sequently,  mor^e  perceptible. 

Q.  Why  does  money  in  our  pocket  fed  very 
HOT  when  we  stand  before  a  fire  ? 

A.  Because  metal  is  an  excellent  con- 
ductor,^ and  becomes  rapidly  heated. 
For  the  same  reason,  it  becomes  rapidly 
cold,  whenever  it  comes  in  contact  with 
a  body  colder  than  itself, 

Q.       Why  does  a  PtTMP-ilANDLB  feel  intensely 

COLD  in  WINTER  ? 

A.  Because  it  is  an  excellent  conduct- 
or, and  draws  off  the  heat  of  bur  hand 
so  rapidly,  that  the  sudden  loss  produces 
a  sensation  of  intense  coldness. 

Q.  Is  the  iron  handle  cf  the  pump  really 
COLDER  than  the  wooden  pump  itself? 

A.  No;  every  inanimate  substance 
(exposed  to  the  same  temperatuBe)  pos- 
sesses in  reality  the  same  degree  of  heat. 

Q.  Why  does  the  iron  handle  seem  so  MtTCB 
colder  than  the  wooden  pump  ? 

A.  Merely  because  the  iron  is  a  bet^ 
ter  conductor;  and,  therefore,  draws  off 
the  fieat  from  our  hand  more  rapidly 
tbmi  wood  does* 

Q.  Why  does  a  stone  or  marble  hearth  fed 
to  the  feet  colder  than  a  carpet  or  hearth-rug  f 

A.     Because  stone  and  marble  are  good 
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conductors ;    but    wooUen  carpOs    and 
hearthrrugs  are  very  had  conductors. 
Q.      How  does  the  stone  hearth  mdht  cmr 

FEET  COLD  % 

-  A.  As  soon  as  the  hearth-stone  has 
absorbed  a  portion  of  heat  from  eur  foot, 
it  instantly  disposes  of  it,  and  calls  for  a 
fredi  supply ;  till  the  hearth-stone  has  be- 
come of  the  same  temperature  as  the  foot 
placed  upon  it. 

Q.  Do  not  also  the  woollen  carpet  atid  hearth* 
RUG  conduct  heat  from  the  human  body? 

A.  Yes;  but  being  very  6arf  conduct- 
ors, they  convey  the.  heat  away  so  shuh 
ly,  that  the  l()ss  is  scarcely  perceptible. 

Q.  Is  the  COLD  hearth-stone  in  reality  of 
the  SAME  temperatxtrg  as  the  warm  carpet  7 

A.  Yes ;  every  thing  in  the  room  is 
really  of  one  temperature ;  but  some 
things^/  colder  than  others,  because 
they  are  better  conductors. 

Q.  ffow  LONO  wiU  the  hearth^stone  fed  oM  to 
the  feet  resting  on  it? 

A.  Till  the  feet  and  the  hearthrstone 
are  both  of  the  same  tempei^ature  ;  and 
then  the  sensation  of  cold  in  the  hearth^ 
stone  will  go  off. 

Q.  Why  would  not  the  hearth-stone  feel 
COLD,  when  ii  is  of  the  same  temperature  as  omt 
feet? 
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A.  Because  the  heal  would  no  long*-, 
er  rush  out  of  our  feet  into  the  hearth^ 
stone,  in  order  lo  produce  equilibriunL  • 

Q.  Why  does  the  hearth-stone  {when  the  fire 
is  lighted)  {eel  hotter  than  the  hearth-rug  ? 

A.  Because  the  hearth-stone  is  au 
excellent  conductor,  and  parts  with  its 
heat  very  readUy  ;  hxxi  the  woollen  hearth- 
rug (being  a  had  conductor)  parts  with 
its  heat  very  reluctantly, 

Q.  Why  does  parting  vnth  heat  rapidly 
make  the  HEARTH-STON£S^e/  warm  ? 

A.  Because  the  rapid  influx  of  heat 
raises  the  temperature  of  our  body  so  sud- 
denly, that  we  cannot  help  perceiving  the 
increase, 

Q.  Why  does  the  non-conducting  power  of  the 
K&ARTB-RVG  prevent  its  feeling  so  hot  as  it  really  is? 

A.  Because  it  parts  with  its  heat  so 
slowly  eitid  gradually,  that  we  scarcely 
pej'ceive  its  transmission  into  our  feet. 

Q.  When  we  plunge  our  hands  inio  a  basin 
^  WATER  why  does  it  produce  a  sensation  of  cold  ? 

A.  Because  water  is  a  better  conduct- 
w  than  air;  and,  as  it  draws  off  the 
heat  from  our  hands  more  rapidly^  it  feeh 
colder. 

Q.  Why  does  the  conductino  power  of  water 
make  it  fed  colder  than  air  ? 

A.     Because  it  ahstra^M  heat  from  owr 
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hands  so  rapidly,  that  we  feel  its  loss ; 
but  the  air  abstracts  heat  so  wery  slowly^ 
that  its  gradual  loss  is  hardly  percepiible. 

Q.      /*  loaUr  a  good  conductoe  ^  heat  ? 

A.     No ;  rto  liquid  is  a  good  conductor 

of  heat ;  but  yet  water  is  a  mudi  better 

conductor  than  air. 

Q.  Why  is  WATER  a  better  conductor  (f 
heat  than  air  ? 

'A.  Because  it  is  less  subtile  ;  and  the 
conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness 
of  its  particles, 

Q.  How  do  you  know  thai  water  is  not  a 
GOOD  CONDUCTOR  of  heat  ? 

A.  Because  it  may  be  made  to  boU  at 
its  surface,  without  imparting  sufficient 
heat  to  mdi  ice  a  quarter  of  an  inch  below 
the  surface. 

Q.  Why  are  not  liquids  good  conductors 
cfheai? 

A.  Because  the  heat  (which  should 
be  transmitted)  produces  evaporation,  and 
^fiies  off  in  the  vapor, 

Q.  Why  does  a  poker  {resting  on  a  fender) 
foel  colder  than  the  bearth-ruo,  which  isjurther 
off  the  fire? 

A.  Because  the  poker  is  an  excellent 
conductor,  and  draws  heat  from  the  hand 
much'  more  rapidly  than  the  woollen 
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hearth-rug,  which  is  a  very  bad  condudor: 
thoug^h  both,  therefore,  are  equally  loarm^ 
the  poker  seems  to  be  the  colder.  (See 
also  p.  173.) 

Q.  Why  are  hot  bricks  {wrapped  in  ddk) 
employed iii  cold  weather  to  keep  the  feet  warm  ! 

A.  Because  bricks  are  had  condiiciat6^ 
of*  heat,  and  cloth  or  flannel  still  worse : 
in  consequence  of  which,  a  hot  brick 
^wrapped  in  flannel)  will  retain  its  heat 
a  very  bug  time.  ^ 

Q.  Why  w  a  TIN  pan  {fiUed  with  hot  water) 
employed  as  a  foot- warmer  7 

A.  Because  polished  tin  (being*  a  bad 
radiator  of  heat)  keeps  hot  a  very  long 
time  ;  and  warms  the  feet  resting  upon  it. 

Q.       What  is  meant  by  being  a  <^  bad  radiator 

of  heat  r 

A.  'To  radiate  heat  is  to  throw  off 
heat  by  rays^  as  the  sun ;  a  polished  tin 
pan  does  not  throw  off.  the  heat  of  boiling 
water  from  its  surface,  but  keeps  it  in. 

Q.      Why  are  tin  foot-warmers  covered  vnih 

flannel  ? 

A.  1st — That  the  polish  of  the  tin 
may  not  be  injured : 

2dly — Because  the  flannel  (being  a 
very  bad  conductor)  helps  to  keep  the  tia 
hot  longer :  and 
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8dly — ^Lest  the  conducting"  surface  of 
Uie  tin  should  feel  painfully  hot, 

Q.  What  disadvantage  would  it  bfy  if  the  pol- 
ish of  the  tin  were  injwred  ? 

A.  If  the  tin  foot-warmer  were  to 
lose  its  polish^  it  would  get  cold  in  a  much 
shorter  time, 

Q.  Why  wotUd  the  tin  foot^warmer  get  cold 
SOONER,  if  the  POLISH  were  injured? 

A.  Because  polished  tin  throws  off  its 
heat  very  slowly ;  but  dull,  scratched, 
painted,  or  dirty  tin,  throws  off  its  heat 
very  quickly. 

Q.  Why  are  furnaces  and  stoves  (where 
much  heat  is  required)  built  of 'porous  brick  f 

A.  Because  bricks  are  bad  con- 
ductors, and  prevent  the  escape  of  heat; 
in  consequence  of  which,  they  are  em- 
ployed where  great  heat  is.  required. 

Q.       Why  are  furnace  doors,  ^c,  frequently  - 
COVERED  mth  a  paste  of  ci^ay  and  sand? 

A.  Because  this  paste*  is  a  very  bad 
conductor  of  heat;  and,  therefore,  pre- 
vents the  escape  of  heat  from  the  furnace. 

Q.  if  a  stove  be  placed  in  the  middle  of  a  room 
should  it  be  made  of  bricks  or  iron  ? 

A.  A  stove  in  the  middle  of  a  rdom 
should  be  made  of  iron  ;*  because  iron 
is  an  excellent  conductor,  and  rapidly 
communicates  heat  to  the  air  around. 
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Q.  Why  does  the  Bible  say,  that  God  ''  givetk 
SNOW  like  WOOL  ?" 

A.     Because  snow  (beino^  a  very  bad. 
conductor  of  Iveat)  protects   vegetables 
and  seeds  from  the  frost  and  cold. 

Q.  How  does  the  non-conducting  power  of  snow 
PROTECT  VEGETABLES /rom  the  FROST  and  cold? 

A.     It  prevents  the  heat  of  the  earth 
from  being  drawn  off  by  the  cold  air . 
which  rests  upon  it. 

Q.  Why  are  woollens  and  furs  used  for 
CLOTHLN'G  %n  COLD  Weather  ? 

A.  Because  they  are  very  had  con- 
ductors of  Jieat;  and,  therefore,  prevent 
the  icarmth  of  the  body  from  being  draion 
off  by  the  cold  air. 

Q.  Do  not  woollens  and  jurs  adtudly  impart 
heat  to  the  body  T 

A.  No ;  they  merely  prevent  the  heat 
of  the  body  fom  escaping. 

Q.  Where  would  the  heat  escape  to,  if  the 
body  were  not  wrapped  in  wool  or  fur  ? 

A.  The  heat  of  the  body  would  fly 
offmio  the  air;  for  the  cold  air  (coming 
in  contact  with  our  body)  would  gradu- 
ally draw  away  its  /leat,  till  it  was  as 
cold  as  the  air  itself 

Q.*  What  then  is  the  principal  use  of  c;^oth- 
INO  in  winter-time  ?^ 

A.  1st — To  prevent  the  animal  heat 
from  escapingtoo  freely ;  and 
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2dly — To  protect  the  body  from  the 
extei-nal  air  (or  wind),  which  would 
carry  away  its  heat  too  rapidly. 

Q.  Why  are  beasts  covered  with  pur,  hair 
or  WOOL  ? 

A. '  Because  fur,  hair  and  wool,  are 
very  slmc  conductors  of  heat;  and  (as 
dunnb  animals  cannot  be  clad,  like  human 
being's)  God  has  given  them  a  robe  of 
hair  or  wool,  to  keep  them  loarm, 

Q.       Why  are  birds   covered  with   down  or 

FEATHERS  ? 

A.  Because  down  and  feathers  are 
very  bad  conductors  of  h^at;  and  (as 
birds  cannot  be  clad,  like  human  beings) 
God  has  given  them  a  robe  of/eatfiers, 
to  keep  tfiem  warm. 

Q.  Why  are  wool,  fur,  hair,  and  feathers, 
sttch  slow  conductors  ^  heat  f 

A.  Because  a  great  quantity  of  air 
lurks  entangled  J3etween  the  fibres;  and 
air  is  a  very  bad  conductor  of  heat. 

The  warmest  clothiDg  is  that  which  fits  the  body  very 
loosely  in  every  part  except  at  the  extremilies:  Because 
more  hot  air  will  be  confined  by  a  loose  garment  than  by 
one  which  fits  the  body  tigkthf, 

Q.  J^  AIR  he  a  BAD  conductor  of  heat,  why 
should  we  not  feel  as  warm  without  clothing^  as 
when  we  are  wrapped  in  wool  and  fur  ? 

A.  Because  the  air  (which  is  cooler 
than  our  body)  is  iwver  at  rest;   and 
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every  fresh  particle  of  air  dratos  off  a 
fre^  portion  of  heai. 

Q.  How  does  the  ceaseless  change  of  air  imi 
to  PECREASE  the  WARMTH  of  a  naked  body? 

A.     Thus  :T-the  air  (which  cases  the 

body)  absorbs  as  much  heat  from  it  as 

it  can,  while  it  remains  in  contact ;  being 

,  then  blown  away,  it  makes  room  for  a 

fresh  coat  of  air ^  which  absorbs  more  heat. 

Q.  Dees  the  air  which  encases  a  naked  body 
become  {by  contact)  as  warm  as  the  body  itself? 

A.  It  would  do  so,  if  it  remained 
motiordess  ;  but,  as  it  remains  only  a  very 
short  time,  it  absorbs  as  much  heat  as  it 
can  in  the  time,  and  passes  on. 

Q.  Why  do  we  fed  colder  in  windy  wea- 
ther than  in  a  calm  day  ? 

A.  Because  the  particles  of  air  pass 
over  us  more  rapidly ;  and  every  fresh 
particle  takes  from  us  some  portion  of 
heat. 

Q.      Show  the  wisdom  of  God  in  making  the 

AIR  a  BAD  CONDUCTOR. 

A.  If  air  were  a  good  conductor  (like 
iron  and  stone)  heat  would  be  drayrn  so 
rapidly  from  our  body,  that  we  should  be 
diilkato  death.  Similar  evils  would  be 
felt  also  by  aU  the  animal  and  vegetable 
world. 

Q.      Does  not  the  bad  conductijtg  power  of  air 


STALE   BOG — ^FAVNIITO.  187 

€MaNe  persons  id  judge  whether  an  ego  ie  new  r" 

STALE? 

A.  Yes ;  touch  the  larger  end  of  the 
shell  with  your  tongue  ;  if  it^cefe  warm^ 
the  egg  is  stale  ;  if  not^  it  is  new-laid. 

Q.  Why  fcill  the  shbll  if  a  stale  ego  fed 
WARM  to  the  tongue  ? 

A.  Because  the  thick  end  of  an  egg 
contains  a  small  quantity  of  air  (between 
the  shell  and  the  white)  ;  when  the  egg 
is  stale  the  white  shrinks,  and  the  con- 
fined air  accordingly  expcmds. 

Q.  Why  does  the  expansion  of  air  {at  the  end 
of  an  egg)  make  it  feel  wakm  to  the  tongue  ? 

A.  Because  air  is  a  very  bad  conduct- 
or, and  the  more  air  an  egg  contains, 
the  less  heat  vnll  be  drawn  from  the  tongite 
when  it  touches  the  shell. 

Q.  Why  wiU  a  new-laid  egg  feel  coldee  to 
the  tongue  at  the  thick  end  than  a  stale  one  ? 

A.  Because  it  contains  more  white 
and  less  air;  and  as  the  white  of  an  egg 
is  a  better  conductor  than  airj  the  heat 
of  the  tongue  will  be  drawn  off  7nore  ra- 
ptdly,  and  the  egg  feel  colder. 

Q.  Why  does  fanning  the  face  in  sumwur 
make  it  cool  1 

A.  Because  the  fan  puts  the  air  in 
motiouy  and  makes  it  pass  more  rapidly 
aoer  the  face ;  and  (as  the  temperature  of 
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the  air  is  ahoays  lowei'  than  that  of  the 

human  face)  each  puff  of  air  carries  off 

some  portion  of  its  heat. 

Q.      Does  FANNING  Moke  the  aie  iiself  cooler  7 
A.     No  ;  fanning  makes  the  air  hotter 

and  Iiotter. 

Q.      How  does  fannino  ihe  face  iricrease  the 

HEAT  of  the  air  ? 

A.  By  driving"  the  air  more  rapidly 
over  the  human  body,  and  causing  it, 
consequently,  to  absorb  more  heat. 

Q.  If  fanning  maJces  the  aie  hotier,  why  can 
ii  make  a  person  j^/  cooler  ! 

A.  Because  it  takes  the  heat  out  of 
thefacCj  and  gives  it  to  the  air, 

Q.       Why  is  broth  cooled  by  blowing  it  f 

A.     Because  the  breath  causes  a  rap- 
id change  of  air  to  pass  over  the  brotli ; 
and  (as  the  air  is  colder  than  the  broth) 
it  continually  absorbs  heat  from  it,  and 
makes  it  cooler  and  cooler. 

Q.  Would  not  the  air  absorb  heat  from  the 
broth  just  as  well  withodt  blowing? 

A.  No  ;  air  is  a  very  bad  coiuJuclor; 
unless,  therefore,  the  change  be  rnpui  the 
air  nearest  the  surface  of  the  brotii  woidd 
soon  become  as  hot  as  the  broth  it-^f'lf 

Q.  Would  not  hot  air  part  with  its  heat  irir 
Mtantly  to  the  circumjacent  air  ? 

A.     No ;  not  instantly.     Air  is  so  bad 
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a  conductor,  that  it  parts  with  its  heat 
very  sloicly:  unless,  therefore,  the  air  be 
kept  in  continual  motion,  it  would  cool 
the  brotli  vet-y  sloioly  indeed. 

Q.       Why  does  wind  generally  feel  cool  ? 

A.  Because  it  drives  the  air  more 
rapidly  over  our  body ;  and  this  rapid 
change  of  air  draws  off  a  large  quantity 
of  heat. 

Q.  Why  does  air  abborb  heai  more  quickly 
ity  being  $ei  in  motion  ? 

A.  Because  every  fresh  gust  of  air 
absoi'bs  a  fresk  jyortion  of  fieat;  and  the 
more  rapid  the  succession  of  gusts,  the 
greater  will  be  the  quantity  of  heat  ab- 
sorbed. 

Q.  ^  the  AIR  toere  hotter  than  ou/r  body 
woM  the  witiDfeel  cool  ? 

A.  No ;  the  air  would  feel  insuffera- 
bly hot,  if  it  were  hotter  Hum  our  body. 

Q,  Why  would  the  air  feel  intensely  hot,  tf 
it  were  warmer  than  our  body  ? 

A.  Because  it  would  add  to  the  heat 
of  our.  body,  instead  of  diminishing  it. 

Q.  Is  the  AIR  EVER  as  hot  as  the  human 
body? 

A.  Not  in  ^is  country :  in  the  hot- 
test summer's  day,  the  airSs  at  least  10 
or  12  degrees  cooler  than  the  human  body, 

Q.      Iiik€'  £ARTH  a  good  coTiductoT  ofheai  f 
8 
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A.  No  ;  the  earth  is  a  very  bad  con- 
ductor of  heat. 

Q.       WTip  is  the  earth  a  bad  conductor  of  heat  f 

A.     Because  its  particles  are  not  con- 

tinicous :   and  the  power  of  conducting 

heat  depends  upon   the   continuity  of 

matter. 

Q.  Why  is  the  earth  (below  the  surface) 
WARMER  in  vfinTBK  than  the  surface  itself? 

A.  Because  the  earth  is  a  bad  con- 
ductor of  heat;  and,  therefore,  (althoug'h 
the  ground  be  frozen,)  the  frost  never 
penetrates  more  than  a  few  inches  behw 
the  surface. 

Q.  Why  is  the  earth  (below  the  surface) 
cpoLER  in  SUMMER  than  the  surface  itself? 

A.  Because  the  earth  is  a  bad  con- 
ductor of  heat ;  and,  therefore,  (althoug-h 
the  surface  be  scorched  with  the  burning 
fiun,)  the  intense  heat  cannot  penetrate 
to  the  roots  of  the  plants  and  trees. 

Q.      Show  the  wisdom  of  Gtop  in  making  the 

EARTH  a  bad  conductor  ? 

A.  If  the  heat  aiui  cold  could  pene- 
trate the  earth  (as  freely  as  the  heat  of 
a  fire  penetrates  iron),  the  springs 
would  be  dried  up  in  summer,  and  fro- 
Een  in  winter ;  and  all  vegetation  would 
perish. 
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Q.  Why  is  water  from  a  spring  aiwofft 
COOL  even  in  summer  ? 

A.  Because  the  earth  is  so  bad  a  con-- 
duclai\  that  the  burning  rays  of  the  sun 
can  penetrate  only  a  few  inches  below 
the  surface  ;  in  consequence  of  which, 
the  springs  of  water  are  not  affected  by 
the  heat  of  summer. 

Q. '  Why  is  it  cool  under  a  shady  tree  in  a 
hot  summer^s  day  ? 

A.  1st — Because  the  overhanging  fo- 
liage screens  offtfie  rays  qftfie  sun  : 

2dly — As  the  rays  of  the  sun  are  ward- 
ed off,  tlie  air  (beneath  the  tree)  is  not 
heated  by  the  rejlection  of  the  earth :  and 

3dly — The  leaves  of  the  trees,  being 
non-conductarsj  allow  no  heat  to  pene- 
trate them. 

Q.       Why  do  the  Laplanders  wear  skins  with 

the  FUR  INWARDS  ? 

A.  Because  the  dry  skin  prevents  the 
xmnd  from  penetrating  to  their  body ; 
and  the  air  (between  the  hairs  of  the  fur) 
soon  becomes  heated  by  the  body:  in 
consequence  of  which,  the  Laplander  in 
his  fur  is  clad  in  a  case  offwt  air,  imper- 
vious to  the  cold  and  loind. 

Q.  Why  does  a  linen  shirt  feel  colder  than 
a  COTTON  one  ? 

A.    Because  linen  is  a  mudi  better 
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conductor  than  cotton;  and,  therefore, 
(as  soon  as  it  touches  the  body)  it  draws 
away  the  heat  more  rapidly^  and  pro- 
duces a  gi'eater  sensation  of  cold. 

Q.  Why  is  the  pace  cooled  by  wiping  the 
temples  with  a  fine  cambric  handkerchief? 

A.  Because  the  fine  fibres  of  the 
cambric  have  a  strong  capillary  aUraction 
fofi*  nmstuHj  and  are  exceUent  conductors 
of  heat :  in  consequence  of  which,  the 
moisture  and  heat  are  abstracted  from 
the  face  by  the  cambric,  and  a  sensation 
of  coolness  produced. 

* "  Capillary  attraction,"  i.  e.,  the  aUrctdiim  of  a  thread  or 
hair.  The  wick  of  a  candle  is  wet  with  grease,  because 
the  melted  tallow  runs  up  the  cotton  ftom  capillary  at- 
traction. 

Q.  Why  would  not  a  cotton  handkerchirf  da 
as  well  ? 

A.  Because  the  coarse  fibres  of  cot- 
ton have  very  little  capillary  attraction, 
and  are  very  had  conductors;  in  conse- 
quence of  which,  the  heat  of  the  face 
would  be  increased  (rather  than  dimm- 
uhed)  by  the  use^  of  a  cotton  handker^ 
ebief 
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CHAPTER  XVI. 
2. — Absorption  op  Heat. 

Q.  TVhcU  is  the  d^erence  between  conductino 
heai^  and  absorbing  heeU  ? 

A.  To  conduct  heat  is  to  trcmsmU  it 
from  one  body  to  another  through  a  con- 
ducting medium.  To  absaib  heat  is  to 
suck  it  upf  as  a  sponge  sucks  up  water. 

Q.  ^     GiTje  me  an  example, 

A.  J^ck  cloth  absorbs^  but  does  not 
conduct  heat ;  thus,  if  black  cloth  be  laid 
in  the  sun,  it  will  absorb  the  rays  very 
rapidly  ;  but  if  one  end  of  the  black  cloth 
be  made  hot,  it  would  not  condtJLCt  the 
heat  to  the  other  end. 

Q.  Are  good  conductors  of  heai  good  ab- 
sorbers also  ? 

A.  No ;  every  go9d  conductor  of  heat 
is  a  bad  absorber  of  it ;  and  no  good  ab^ 
sorber  of  heat  can  be  a  good  conductor 
also. 

Q.      Is  IRON  a  good  ABSORBER  of  keoi  ? 

A.  No  ;  iron  is  a  good  conductor^  but 
a  very  bad  absorber  of  heat. 

Q.  Wky  do  the  fire-irons  (which  lie  upon  a 
fender)  remain  coi^d,  although  they  are  brfore  a 
good  fire? 

A.     Because  they  are  bad  absorbers  of 
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heat;  in  consequence  of  which,  they 
remain  cold,  unless  they  come  in  contact 
with  the  stove  or  fire. 

Q.  Why  are  the  fire-irons  intensely  hot, 
when  they  rest  against  the  stove  which  contains 
a  good  fire  T 

A.  Because  they  are  excellent  conduct- 
ors of  heat,  and  draw  it  rapidly  from  the 
stove  with  which  they  are  in  contact. 

Q.  IVhy  does  a  kettle  boil  faster,  when  the 
bottom  and  back  are  covered  with  soot  1 

A.  Because  the  bUick  soot  absorbs 
heat  very  quickly  from  the  fire,  and  the 
metal  conducts  it  to  the  water. 

Q.  Why  will  not  a  new  kettle  boil  so  fast 
as  an  old  otic  ? 

A.  Because  the  bottom  and  sides  of  a 
new  kettle  are  clean  and  bright :  but  in 
an  old  kettle  they  are  covered  with  soot. 

Q.  Why  will  a  k^Ttle  be  slower  boiling  if 
the  BOTTOM  and  back  are  clean  and  bright  f 

A.  Because  bright  metal  does  not  ab- 
sorb heat,  but  rejlects  it ;  and  (as  the 
heat  is  thrown  off  from  the  surface  of 
bright  metal  by  reflection)  therefore,  a 
new  kettle  takes  a  longer  time  to  boil. 

Reflects  heat,  i.  e.,  throws  it  off. 

Q.  Why  do  we  wear  white  linen  and  a 
black  outer  dress,  if  we  want  to  be  warm  ? 

A.    Because    the    6/ac&    outer  dress 
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quickly  absorbs  heal  from  the  sun  ;  and 
the  white  linen  (being*  a  bad  absorbent) 
abstracts  no  heat  from  the  warm  body. 

Q.  Wht/  do  persons  wear  white  dresses  in 
SOMMER  time  ? 

A.  Because  white  throios  off  the  heat 
of  the  sun  by  reflection^  and  is  a  very  bad 
absorbent  of  heat ;  in  consequence  of 
which,  white  dresses  never  become  so 
hot  from  the  scorching  sun  as  dark  co- 
lors do. 

Q.  Why  do  not  persons  wear  white  dresses 
in  WINTER  time  ? 

A.  Because  white  will  not  absorb  fiecUj 
like  black  and  other  dark  colors;  and, 
therefore,  white  dresses  are  not  so  warm 
as  dark  ones. 

Q.       What  COLORS  are  warmest ybr  dresses? 

A.  For  outside  garments  bUick  is  the 
warmest^  and  then  such  colors  as  ap- 
proach nearest  to  black,  Tas  dark  blue 
and  green.)  White  is  me  coldest  color 
for  external  clothing. 

Q.  V  Why  are  :dark  colors  (for  external  wear) 
so  much  warmer  than  light  ones  ? 

A.  Because  dark  colors  absorb  heat 
from  the  sun  more  abundantly  than  light 
ones. 

Q.  How  can  you  prove  that  dark  colors  are 
WARMER  than  LIGHT  oncs? 
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A.  If  a  piece  of  hUuk  and  a  piece  of 
vshite  cjioth  were  laid  upon  snow,  in  a, 
few  hours  the  Uofdc  cloth  will  have  melted 
the  snow  beneath;  whereas,  the  vMte 
cloth  will  have  produced  little  or  no  effect 
upon  it  at  aU. 

N.  B.  The  darker  any  color  is,  the  warmer  it  ia,  be- 
cause it  is  a  better  absorbent  of  heat.  The  order  may  be 
thus  arranged: — 1. — Black  (warmest  of  ajl). — 2.  Violet. — 
3.  Indigo.--4.  Blue.— 6.  Green.— 6.  Red.— 7.  Yellow:  and 
8.  White  (coldest  of  all). 

Q.  Why  are  black  kid  gloves  unpleasanily 
MOT  for  summer  wear? 

A.  1st — ^Because  bUwk  absorbs  the 
solar  heat;  and 

2dly — JGd  will  not  allow  the  heat  of 
our  hand  to  escape  through  the  glove. 

Q.  Why  are  Lisle  thread  glover  ebgree(ibly 
cooh  far  summer  wear  f 

A.  lst~Because  thread  obsorbs-per- 
spiration:   and 

2dly — It  conducts  away  the  hesit  of  our 
hot  hands. 

Q.  Are  lAde  thread  gloves  aqsobb^int^  of 
heat  ?  « 

A.  No ;  Lisle  thread  gloves  are^n- 
erally  of  a  grey  or  lilac  cohr;  and,  there- 
fore, do  rwt  absorb  solar  heat, 

Q.       Why  is  a  plate-warmer  made  of  to* 

^AINTPP  BRIGHT  TIN  T 

A.    Because  bright  tin  rejlecfs  the  heat 
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(which  issues  from  the  fire  in  rays)  upon 
the  meat ;  and,  therefore,  greatly  assists 
the  process  of  roasting. 

Reflects  the  heat,  i.  e.,  throws  it  back  upon  the  meat 
Q.       Why  wotUd  not  ike  tin  reflector  do  a$ 
teell,  if  if  were  painted? 

A.  Because  it  would  then  absorb  heat, 
and  not  reflect  it  at  all,  A  plate- warmer 
should  never  be  painted^  but  should  be 
kept  very  cleaUj  bright,  and  Jreefrom  ail 
scratches. 

Q.  Why  should  a  reflector  be  kepi  so  very 
CLEAN  a7id  free  from  all  scratches? 

A.  Because  if  a  reflector  were  spotted^ 
dully  or  scratdied,  it  would  absorb  heat,, 
instead  ofrejlecling  it ;  and,  consequently,, 
would  be  of  no  use  whatsoever  as  a. 
re/lector. 

Q.  Why  does  hoar  frost  remain  on  tomb- 
stones long  after  it  has  melted  from  the  grass  and' 
GRAVEL- walks  of  a  church-yard  ? 

A.  Because  tomb-stones  (being  whiiey 
will  not  absorb  heat,  like  the  darker  grass 
and  gravel;  in  consequence  of  which, 
they  remain  too  cold  to  thaw  the  frost 
congealed  upon  their  surface. 

Q.  ^  black  absorbs  heat,  why  have  those  wh& 
live  in  hot  climates  black  skins,  and  not  whitb 
skins,  which  wovM  not  absorb  heat  at  all  ? 

A.     Because  black  will  not  blister  from 

,  8* 
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the  heat  of  the  sun.  Althoug-h,  therefore, 
the  black  skin  of  the  negro  absorbs  heat 
more  plentifully  than  the  white  skin  of  a 
European;  yet  the  blackness  prevents  the 
sun  from  blistering  or  scorching  it. 

Q.  How  is  it  known  that  the  black  color  pre- 
vents the  sun  from  either  blistering  or  scorching 
the  skin  ? 

A.  If  you  put  a  lohite  glove  on  one 
hand,  and  a  black  glove  on  the  other 
(when  the  sun  is  burning*  hot),  the  hand 
with  the  white  glove  will  be  scorched,  but 
not  the  (^her. 

Q.      Which  hand  will  feel  the  hotter  ? 

A.  The  hand  with  the  black  glove 
wiW  feel  the  hotter,  but  will  not  be  scorch- 
ed by  the  sun ;  whereas,  the  hand  with 
the  white  glove  ("though  much  cooler)  will 
be  severely  scorched, 

Q.  Why  does  the  black  skin  of  a  negro  ne- 
ver scorch  or  blister  with  the  hot  sun  ? 

A.  Because  the  black  color  absorbs 
the  heat — conveys  it  beloio  the  surface  of 
the  skin — and  converts  it  to  sensible  heat 
and  perspiration. 

Q.  Why  does  the  white  European  skin 
blister  and  scorch  when  exposed  to  the  hot  sun  ? 

A..  Because  white  will  not  absorb  heat ; 
and,  therefore,  the  hot  sun  rests  an  the 
mirfoLce  of  the  skin,  and  scorches  it. 
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Q.  Why  has  a  neoro  black  eyes  1 
A.  Because  the  black  color  defends 
them  from  the  strong  light  of  the  tropi- 
cal sun.  If  a  negro's  eyes  were  not 
black,  the  sun  would  scorch  them^  and 
every  negro  would  be  blind. 

Q.  Why  is  water  (in  hot  weather)  kept 
COOLER  in  a  bright  tin  pot  than  in  an  earthen 
one? 

A.  Because  bright  metal  will  not 
absorb  heat  from  the  hot  air,  like  an 
earthen  vessel ;  in  consequence  of  which, 
the  water  is  kept  cooler. 

Boiling  water  is  also  kept  hot  in  bright  metal  better 
than  in  earthen  vessels.    See  p.  187. 


CHAPTER  XVII. 

3. — ^Reflection  op  Heat. 

Q.       What  is  meant  by  reflecting  heat  ? 

A.  To  reflect  heat  is  to  throw  it  hack 
in  rays  from  the  surface  of  the  reflecting 
body  towards  the  place  whence  it  came. 

Q.       What  a/re  the  best  reflectors  of  heat  ?  • 

A.  All  bright  surfaces  and  light  co^ 
lors. 

Q.  Are  good  absorbers  of  heat  good  rb- 
tlegtors  also  ? 
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A.  No;  those  things  which  absorb 
heat  best,  reflect  heat  worst;  and  those 
which  reflect  heat  xoorst^  absorb  it  best. 

Q.  Why  are  those  things  which  absorb  heaIc 
unable  to  reflect  it  ? 

A.  Because  if  anything  sucks  in  heat 
like  a  sponge,  it  cannot  throw  it  off  from 
its  surface ;  and  if  anything  throws  off 
heal  from  its  surface,  it  cannot  drink  it  in. 

Q.  Why  are  reflectors  always  made^nf 
LIGHT  COLORED  and  highly  polished  metal  ? 

A.  Because  li^hl  colored  and  highly 
polished  metal  makes  the  best  of  all  re- 
flectors. 

Q.  Why  do  not  plate-waeimers  blister  and 
scorch  the  wood  behind  ? 

A.  Because  the  bright  tin  front 
throws  the  heat  of  the  fire  back  again^ 
and  will  not  allow  it  to  penetrate  to  the 
wood  behind. 

Q.  If  metal  be  such  an  excell^  conductor  rf 
heat,  how  can  it  reflect  heat^  or  throw  it  offT 

A.  Polished  metal  is  ^  condiu^or  of 
heat,  only  when  that  heat  is  communi- 
cated by  actual  contact :  But  whenever 
heat  falls  upon  bright  metal  in  rays,  it  is 
reflected  back  og'ain,  and  the  metal  re- 
mains cool. 

Q.  What  is  meant  ^by  heatfaUing  uponwietd 
IN  rays,"  aTut  Tiot  "  by  contact  /" 
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A.  If  a  piece  of  metal  were  thrust 
into  a  fire,  it  would  be  in  actual  contact 
with  thejire;  but  if  it  were  held  before  a 
Jire,  the  heat  of  the  fire  would  fall  upon 
it  in  rays, 

Q.  What  is  the  use  of  the  tin  screen  er  re- 
ITECTOR  tued  in  roasting  7 

A.  It  throws  the  heat  of  the  fire  hack 
upon  the  meal ;  and,  therefore,  both  as- 
sists the  process  of  roasting^  and  helps  to 
keep  the  kitchen  cooL 

Q.      How  does  a  tin  reflector  teTid  to  keep  the 

KITCHEN  COOL  ? 

A.  By  confinifig  the  heat  of  the  fire  to 
the  hearth^  and  preventing  its  dispersion 
throughout  the  kitchen. 

Q.      Why  are  shoes  hotter  ^r  being  dusty  ? 

A.     Because    dull,  dusty  shoes   will 
absorb  heat  from  the  sun,  earth,  and  air ; 
but   shoes   brightly  polished  throw  ojf ' 
the  lieat  of  the  sun  by  reflection. 

Q.       Why  doe$  it  always  freeze  on  the  top  of 

4  FOUNTAIN? 

A.  1st — ^Because  ^he  air  on  a  moun- 
tain lis  very  rarefied;  and  rarefied  air  re- 
tmm  more  beat  in  the  latent  form  than 
denser  air  does :  and 

2dly — ^Air  k  heated  by  the  reflection  of 
the  earth,  and  not  by  solar  rays ;  therefore 
a  mountain-top  (which,  is  ddprived  of  this 
reflection)  remains  intensely  cold.  ^ 
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CHAPTER  XVIII. 

4. — Radiation. 
Q.       What  is  meant  hy  radiation  ? 

A.  Radiation  means  the  emission  of 
rays :  thus  the  sun  radiates  both  light 
and  heat ;  that  is,  it  emits  rays  of  light 
and  heat  in  all  directions. 

Q.  When  is  heat  radiated  from  one  body  to 
another  ? 

A.  When  the  two  bodies  are  separated 
by  a  non-cmiducting  medium  :  thus  ihe 
sun  radiates  heat  towards  the  earth,  be- 
cause the  air  (which  is  a  very  bad  con- 
ductor) comss  betioeen. 

Q.       On  WHAT  does  radiation  depend  ? 

A.  On  the  roughness  of  the  radiating* 
surface :  thus,  if  metal  be  scratched^  its 
radiating  power  is  increased;  because 
the  heat  has  more  points  to  escape  from. 

Q.      Does  a  fire  radiate  heat  ? 

A.  Yes ;  and  because  burning  fiiel 
emits  rays  of  heat,  therefore  v^efeel  warm 
when  we  stand  before  a  fire. 

Q.  Why  does  our  fa,ce  feel  uncomfortably 
HOT  when  we  approach  a 'eisleI 

A.  Because  the  fire  radiates  heat 
upon  the  face ;  which  (not  being  covered) 
feels  the  effect  immediately; 
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Q.  Why  does  the  fire  aUch  the  face  fnore  than 
U  does  the  rest  of  the  body  T 

A.  Because  the  rest  of  the  body  is 
covered  with  clothing;  which  Tbeing  a 
bad  conductor  of  heat)  prevents  the  same 
sudden  and  rapid  transmission  of  heat  to 
the  skin. 

Q.  Do  those  substances  which  radiate  heat 
ABSORB  heai  also? 

A.  Yes.  Those  substances  which 
radiate  most,  also  absorb  most  fieai  ;  and 
those  which  radiate  least,  also  absorb  the 
least  heat.  ^ 

Q.  Does  ant/thing  else  radiate  heai  besides 
^  SUN  and  fire? 

A,  Yes:  all  things  radiate  heat  in 
some  measure,  but  not  eqiudly  loell. 

Q.  What  things  radiate  heat  the  next  best 
to  the  sun  and  fire  ? 

A.  All  duU  and  dark  substances  are 
good  radiators  of  heat ;  but  all  li^ht  and 
polished  substances  are  bad  radiators. 

Q.  Why  shovld  the  flues  (connected  with 
stoves,  4*^.,)  be  always  blackened  ^oith  black  lead  ? 

A.  In  order  that  the  heat  of  the  flue 
may  be  more  readily  diffused  throughout 
the  room.  Black  lead  radiates  heat  more 
freely  than  any  other  known  substance. 

In  heating  a  jroom  with  steam  it  would  he  ahsurd  to  usd' 
Hack  pipes  for  conveying  the  steam,  hecaose  they  would 
tend  to  cool  the  hot  vapor. 
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Q.  Why  does  a  polished  jIetal  tea-pot  ntake 
BETTER  TEA  than  a  black  earthen  one  ? 

A.  Because  polished  metal  rbeing*  a 
veiy  bad  radiMor  of  heat)  keeps  the  water 
hot  much  longer ;  and  the  hotter  the  wa- 
ter is,  the  better  it  "  draws"  the  tea. 

Q.  Why  idUI  not  a  dull  black  tea-pot  ma^ 
good  tea? 

A.  Because  the  heat  of  the  water 
flies  off  so  qukkiy  through  the  dull  black 
surface  of  the  tea-pot,  that  the  water  is 
very  rapidly  cooled,  and  cannot  "  draw  " 
the  tea. 

Q.  Do  not  pensioners  and  aged  cottagers  gene^ 
rally  prrfer  the  little  black  earthen  tea-pot  to  the 
bright  metal  one  T 

A.  Yes;  because  they  set  it  on  the 
hob  ^^  to  draw  ^^^  in  which  case,  the  little 
black  tea-pot  will  make  the  best  tea. 

Q.  Why  vnU  a  black  tea-pot  make  better  tea 
than  a  bright  metal  one,  tf  it  be  set  upon  the  hob  to 

DRAW? 

A.  Because  the  black  tea-pot  will 
a^orb  heat  phndfuMy  irom  the  fire,  and 
keep  the  water  hot :  whereas,  a  bright 
nwtal  tea-^pot  (set  upon  the  hob)  would 
thrmv  off  the  heat  by  reflection. 

Q.  Then  sometimes  a  black  earthen  tea-pt^ 
is  the  best,  and  sometimes  a  bright  metal  one  ? 

A.    Tcs ;  when  a  tearpot  is  set  on  the . 
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hob  "to  draWf"  black  earth  is  the  6erf, 
because  it  absorbs  heat :  But,  when  a 
tea-pot  is  not  set  on  the  hob,  bright  met- 
al  is  the  best ;  because  it  radiates  lieat 
tery  slowly^  and  therefore  keeps  the  water 
hot. 

Q.  WTiy  does  a  saucepan  which  has  been  used 
taU  in  a  shorter  time  than  a  new  one  ? 

A.  Because  |he  bottom  and  back  are 
covered  with  so(d ;  and  black  soot  rapidly 
ahsofbs  the  heat  of  the  glowing-  coals. 

Q.  Whrf  should  the  FaoNT  and  lid  of  a  saucb- 
i>AN  be  clean  and  bright? 

A.  Becauge  they  cannot  absorb  heatj 
as  they  do  not  come  in  contact  with  the 
fire;  and  (being  bright)  they  will  not 
mjiffer  the  heat  to  escape  by  radiation. 

Q.  In  what  state  should  a  saucepan  be  in  or- 
der  that  it  nuiy  boil  quickly? 

A.  All  those  parts  which  com^  in 
amlact  toith  the  fire^  should  be  covered 
with  soot^  in  order  to  absorb  heat ;  but 
all  the  rest  of  the  saucepan  should  be  as 
bright  as  possible,  to  prevent  the  e&cape 
of  heat  by  radiation. 

Q.  Why  should  NOT  the  bottom  and  back  of 
a  kettle  be  cleaned  and  pdished  t 

A.  Because,  they  come  in  contact  toith 
ti^Jire,  and  (while  they  are  covered  with 
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black  soot)  absorb  heat  freely  from  the 
burning  coals. 

Q.  Why  should  the  front  and  top  of  a  kettU 
he  CLEAN  and  well  polished  ? 

A.  Because  polished  metal  will  not 
radiate  heat;  and,  therefore,  (while  the 
front  and  top  of  the  kettle  are  well  pol- 
ished) the  heat  is  kept  in^  and  not  suffered 
to  escape  by  radiation.  ^ 

Q.  Why  is  the  bottom  of  a  kettle  nearly 
COLD  when  the  water  is  boiling  hot  ? 

A.     Because  black  soot  is  a  very  bad 

conductor  of  heat ;  and,  therefore,  the  heat 

of  the  boiling  water  is  some  time  before 

it  gets  through  the  soot  which  adheres  to 

the  bottom  of  the  kettle. 

Q.  Why  is  the  lid  of  a  kettle  intensely  hot 
when  the  water  boils  ? 

A.  Because  the  bright  metal  lid  is  an 
admirable'  conductor  ;  and,  therefore,  the 
heat  from  the  boiling  water  pours  into  our 
hand  the  moment  we  touch  it. 

Q.      Show  the  benefit  of  smoke  in  cooking  ? 

A.  The  carbon  of  the  fuel  (which 
flies  off  in  smoke)  naturally  bladcens  all 
culinary  vessels  set  upon  the  fire  to  boil, 
and  thus  renders  them  fit  for  use. 

"Culinary  vessels"  are  vessels  used  in  kitchens  for 
cooking,  as  ftaucepans,  boilers,  kettles,  &c.,  (from  the  Latin 
word  "  Culina,"  a  kitchen.) 
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Q.  How  does  SMOKE  make  adina/ry  vessels  fit 
for  USE  ? 

A.  By  absorbing  heat.  If  it  were 
not  for  the  smoke  (which  gathers  round 
a  kettle  or  saucepan)  heat  icould  not  be 
iabsoi'bed,  and  the  process  of  boiling  would 
be  greatly  retarded. 

Q.  Why  is  boiling  water  kept  hot  in  a 
BRIGHT  METAL  pot  better  than  in  an  earthen  vessel  ? 

A.  Because  bright  metal  (being  a 
bad  radiatm-)  will  not  throxc  off  from  its 
surface  the  heat  of  the  boiling  water. 

Q.  Would  a  metal  pot  serve  to  keep  waier  hoi 
^U  were  dull  and  dirty  ? 

A.  No.  It  is  the  bright  polish  of  the 
metal  which  makes  it  a  bad  radiator :  if 
it  were  diUlj  scratched,  or  dirty,  the  heat 
would  escape  very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  in  bright  metal 
than  in  dvU  or  earthen  vessels.    See  p.  179. 

Q.       Why  are  dinner-covers  made  of  bright 

tin  or  SILVER  ? 

A.  Because  light-colored  and  highly- 
polished  metal  is  a  very  bad  radiator  of 
heat;  and,  therefore,  bright  tin  or  silver 
will  not  allow  the  heat  of  the  cooked  food 
to  escape  through  the  cover  by  radiation. 

Q.  Why  should  a  meat-cover  be  very  brightly 
polished  ? 

A.    To  prevent  the  heat  of  the  food 


188  COMMUmCATION   OF   HEAT. 

from  escaping  by  radiation.  If  a  meat- 
cover  be  dull  or  scratched,  it  will  absorb 
heat  from  the  food  beneath  ;  and  (instead 
of  keeping"  it  hot)  make  it  cold. 

Q.  Why  should  a  silver  meat-cover  b^ 
PLAIN  and  not  chased  ? 

A.  Because  a  chased  meat-cover 
would  absorb  heat  from  the  food;  and 
(instead  of  keeping  it  hot)  make  it  cold, 

Q.       JVhat  is  dew? 

A.  Dew  is  the  vapor  of  the  air  con- 
densed by  coming  in  contact  with  bodies 
colder  than  itself 

Q.       Why  is  the  ground  sometimes  covered 

with  DEW? 

A.  Because  the  surface  of  the  earth 
(at  sun-set)  is  made  so  very  cold  by  radi- 
ation, that  the  warm  vapor  of  the  air  is 
chilled  by  contact,  and  condensed  into 
dew. 

Q.  Why  is  the  earth  made  colder  than  the 
AIR  after  the  sun  has  set  ?  ^ 

A.  Because  the  earth  radiates  heat 
very  freely,  but  the  air  does  not ;  in  con- 
sequence of  which,  the  earth  is  often  5 
or  10  deg-rees  colder  than  the  air  (after 
sun-set) ;  although  it  was  much  toai^mer 
than  the  air,  during  the  whole  day^ 

Q.  Why  is  the  earth  warmer  than  the  air 
durijig  the  day  ? 


A.  Because  the  earth  absorbs  solar 
beat  very  freely,  but  the  air  does  not ;  in 
consequence  of  which,  it  is  often  many  de- 
grees warmer  than  the  air,  during  the  day. 

Q.  JVht/  is  the  surface  of  the  ground  colder 
m  a  FINE  dear  night  than  in  a  cloudy  om  ? 

A.  Because,  on  a  fine,  clear  star-light 
night,  heat  radiates  from  the  earth  freely  j 
and  is  lost  in  open  space  :  but  on  a  diUl 
night,  the  clouds  arrest  the  process  of  rar 
dmtion. 

Q.       Why  is  dew  deposited  only  an  a  pine,  ckcvr 

NIGHT? 

A.  Because  the  surface  of  the  ground 
radiates  heat  most  freely  on  a  fine  -aight ; 
and  (being  cooled  down  by  this  loss  of 
heat)  chills  tfie  vapor  of  the  air  into  dew. 

Q.       Why  is  there  no  dew  on  a  dull,  cloudy 

NIGHT  ? 

A.  Because  the  clouds  arrest  the 
radiation  of  heat  from  the  earth  ;  and  (as 
the  heat  cannot  freely  escape)  the  sur- 
face is  not  sufficiently  cooled  down  to 
chill  the  vapor  of  the  a^r  into  dew, 

Q.  Why  is  a  cloudt  night  warmer  than  a 
PINE  one  ?  ' 

A.  Because  the  clouds  prevent  the 
radiation  of  heat  from  the  eaHh  ;  in  con- 
sequence of  which,  the  surface  of  the 
earth  remains  warmer. 
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Q.      Whjf  is  DEW  most  abundant  in  sUuaUom 

most  EXPOSED  ? 

A.  Because  the  radiation  gf  heat  is 
not  arrested  by  houses,  trees,  hedges,  or 
any  other  thing. 

Q.  Whp  is  there  scarcely  any  dew  «7u2er  a 
shady  TREE  ? 

A.  1st — Because  the  shady  head  of 
a  tree  arrests  the  radiation  of  heat  from 
the  earth :  and 

2dly — A  leafy  tree  radiates  some  of 
its  own  heat  towards  the  earth  ;  in  conse- 
quence of  which,  the  ground  underneath 
a  tree  is  not  sufficiently  cooled  down  to 
chill  the  vapor  of  the  air  into  dew. 

Q.  Why  is  there  never  much  dew  at  the  foot 
of  WALLS  and  hedges  ? 

A.  1st — Because  they  act  as  screens, 
to  arrest  the  radiation  of  heat  from  the 
earth:  and 

2dly — They  themselves  radiate  some 
portion  of  heat  towards  the  earth ;  in 
consequence  of  which,  the  ground  at  the 
foot  of  walls  and  hedges  is  not  sufficiently 
cooled  down,  to  chill  the  vapor  of  the  air 
into  dew. 

Q.  Why  is  there  little  or  no  dew  beneath  a 
flower-awning,  although  that  atoning  be  open  on 
aUfour  sides  ? 

A.     Ist-^Because  the  awning  arrests 
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the  radiation  of  heat  from  the  ground 
beneath:  and 

2dly — It  radiates  some  of  its  own  heat 
downwards;  in  consequence  of  which, 
the  ground  beneath  an  awning* is  not 
sufficiently  cooled  down,  to  chill  the  va- 
por of  air  into  dew. 

Q.  How  can  a  thin  covering  of  bass  or  even 
MUSLIN  protect  trees  from  frost  1 

A.  Because  any  covering  prevents 
the  radiation  of  heat  from  the  tree ;  and 
if  trees  are  not  cooled  down  by  radiation, 
the  vapor  of  the  air  will  not  be  frozen,  as 
it  comes  in  contact  with  them. 

Bass  pnmownce  bas — a  kind  of  matting  usM  by  garden- 
ers. 

Q.  Whp  is  the  bass  or  canvass  itself  (which 
covers  the  tree)  always  drenched  tnth  dew  ? 

A.  Because  it  radiates  heat  both  up- 
wards and  downwards;  in  consequence 
of  which,  it  is  so  cooled  down  that  it  rea- 
dily diilh  the  vapor  of  the  air  into  dew, 

Q.  Why  does  snow  (at  the  foot  of  a  hedge  or 
wall)  melt  sooner  than  thai  in  an  open  fields? 

A.  Because  the  hedge  or  wall  radi- 
ates heat  into  the  snow  beneath,  which 
melts  it. 

Q.       Why  is  there  no  dew  after  a  windy  night  ? 

A.     1st — Because  the  wind  evoporofeB 
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the  moisture^  as  fast  as  it  is  deposited : 
and  ' 

2dly — It  dkiurbs  the  radUuion  of  hecU  ; 
and  thus  diminishes  the  deposition  of 
dew.^ 

Q.  JVhy  are  vali»ets  and  hoLlows  often 
thickly  covered  with  dew,  althottgh  they  are  sheltered  1 

A.  Because  the  surrounding*  hills 
prevent  the  r&po^  of  air  from  being*  rfis- 
turbed ;  but  do  not  overhang  and  screen 
the  valleys  sufficiently  to  arrest  their  ra- 
diation. 

Q.       Why  does  dew  fall  more  abundantly  on 

SOME  THINGS  tha7l  0%  OTHERS  ?  • 

A.  Because  some  things  radiate  heat 
nvore  freely  than  others  ;  and,  tlierefore, 
become  much  cooler  in  the  night. 

Q.  Why  are  things  which  radiate  heat 
KOST  FREELY  always  the  fnost  thickly  covered 

fOith  DEW  I 

A.  Because  the  vapor  of  the  air  is 
chiUed  into  dew,  the  moment  it  comes  in 
contact  with  them. 

Q.      What  kind  of  things  radiate  heat  most 

FREELY  1 

A.  *  Grass,  wood,  and  the  leaves  of 
plants,  radiate  heat  very  freely :  but  pol- 
ished metal,  smooth  stones,  and  woollen 
cloth,- part  with  their  heat  very  tardily. 

Q.      Do  the  Leaves  of  jlli,' plants  radiate  heai 

i^UALLY  WRLL  ? 


VEGETABLES.  193 

A.  No,  Rough,  wooUy  leaves  (like 
those  of  a  holly-hock)  radiate  heat  much 
nwre  freely  than  the  hard^  smooth,  polished 
leaves  of  a  common  laurel. 

Q.  Show  the  wisdom  of  God  in  making  grois^ 
the  leaves  cftr^^  and  all  vegetables,  excei«lent 

RADIATORS  ^A^a/? 

A.  As  vegetables  require  much  nuns- 
lure,  and  would  often  perish  without  a 
plentiful  deposit  of  dew,  God  wisely 
raade  them  to  radiate  heat  freely,  so  as  to 
chill  the  vapor  (which  touches  them)m- 
to  dew, 

Q.  WUl  polished  metal,  smooth  stones,  and 
woollen  cloth,  readily  collect  dew  1 

A.  No,  While  grass  and  the  leaves 
of  plants  are  completely  drenched  with  deio 
a  piece  of  polished  metal,  or  of  woollen  doth 
(Ijring  on  the  same  spot),  will  be  almost 
dry. 

Q.  Why  would   POLISHED   METAL   aTld  WOOL- 

LEN CLOTH   be  DRY,  while  grass  and  leaves  are 
drenched  with  dew  ? 

'  A.  Because  the  polished  metal  and 
woollen  cloth  part  with  their  heat  so  slow- 
ly, that  the  vapor  of  the  air  is  not  chilled 
into  dew  as  it  passes  over  them. 

Q.  Why  is  a  gravel  walk  almost  dry,  when 
a  grass  plat  is  covered  thick  with  dew  ? 

A.    Because  grass  is  a  good  radiator^ 
9 
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and  throws  off  its  heat  very  freely ;  but 

gravel  is  a  very  had  radiator,  and   parts 

with  its  heat  very  slowly. 

Q.  Is  that  the  reason  why  grass  is  saturated 
frith  DEW,  and  the  gravel  is  not  ? 

A.  Yes.  When  the  vapor  of  warm 
air  comes  in  contact  with  the  cold  grass ^ 
it  is  instantly  chilled  into  dew ;  but  it  is 
ruot  so  freely  condensed  as  it  passes  o^ser 
gravel,  because  gravel  is  not  so  cold  as 
the  grass. 

Q.  Why  does  deW  rarely  faU  upon  hard 
ROCKS  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands 
are  so  compact  and  hard,  that  they  can 
neither  absorb  nor  radiate  much  heat; 
and  (as  their  temperature  varies  but  very 
little)  very  little  dew  distils  upon  them. 

Q.  Why  does  dew  faU  more  abundantly  cm 
cultivated  soUs  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being* 
loose  and  porous)  very  freely  radiate  by 
night  the  heat  which  they  absorbed  by 
day;  in  consequence  of  which,  they  are 
much  cooled  down,  and  plentifully  con/* 
dense  the  vapor  of  the  passing  air  into 
dew, 

Q.      Show  the  wisdom  of  God  in  this  a/nange- 

A.    Every  plant  and  inch  of  land, 
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which  n>eeds  the  moisture  of  dew,  is 
adapted  to  collect  it;  but  not  a  single 
drop  is  wasted  where  its  refreshing*  mois- 
ture is  not  required, 

Q.  Show  the  advantage  to  us  in  having  pol- 
ished METAL  aoid  woollen  cloth  bad  radiators  of 
heat. 

A.  If  polished  metal  collected  dew  as 
easily  as  grass,  it  could  never  he  kept  dry 
and  free  from  rust.  Again,  if  woollen 
garments  collected  dew  as  readily  as  the 
leaves  of  trees,  we  should  be  often  soakr 
ing  loel,  and  subject  to  constant  colds. 

Q.  Show  how  this  affords  a  beautiful  illustra- 
tion of  Gideon's  miracle,  recorded  in  the  book  of 
Judges^  VL  37,  38. 

A.  The  fleece  of  wool  (which  is  a  very 
bad  radiator  of  heat)  was  soaking  wet 
with  dew,  when  the  grass  (which  is  a 
most  excellent  radiator)  was  quite  dry. 

Q.       Was  not  this   contrary  to  the  laws  cf 

NATURE  ? 

A.  Yes ;  and  was,  therefore,  a  plain 
demonstration  of  the  power  of  God^  who 
could  thus  change  the  very  nature  (tf 
things  at  his  will. 

Q.  JVhy  do  (fwr  clothes  feel  damp,  afiivr 
walking  in  a  fine  evening  in  spring  or  autumn  f 

A.  Because  the  vapor  (condensed  by 
the  cold  earth)  lights  upon  them  like  dew. 
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Q.  JVhp  are  windows  often  covered  vnlk  thi^ 
MIST,  and_  the  frames  wet  with  standing  water? 

A.  Because  the  temperature  of  the 
external  air  always  faMs  at  sunset,  and 
chilk  the  window-glass  with  which  it 
comes  in  contact. 

Q.  How  does  this  account  for  the  mist  and  wa- 
ter on  a  WINDOW  ? 

A.  As  the  warm  vapor  of  the  room 
touches  the  cold  glass  it  is  chilled  and  con- 
densed into  mist ;  and  the  mist  (collect- 
ing* into  drops)  rolls  down  the  window- 
frame  in  little  streams  of  water. 

Q.  Does  the  glass  of  a  window  cool  down 
more  rapidly  than  the  air  of  the  room  itself? 

A.  Yes ;  because  the  air  is  kept 
warm  by  Jiies,  and  by  the  animal  heat 
of  the  people  in  the  room ;  in  consequence  * 
of  which,  the  air  of  a  room  suffers  very 
little  diminution  of  heat  from  the  setting 
of  the  sun. 

Q.       Whence  arises  the  vapor  cfa  room  % 

A.  1st — ^The  very  air  of  the  room 
contains  vapor : 

2dly — The  breath  and  insensible  per- 
spiration  of  the  inmates  increase  this 
vapor:  and 

3dly — Hot  dinners,  the  steam  of  tea^ 
and  so  on,  increase  it  still  more. 
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Q.       TVhat  is  meant  by  ^^ihe  insensible  per- 

^SPIRATION  ?" 

A.  From  every  part  of  the  human 
body,  an  insensible  and  invisible  perspl- 
ration  issues  all  night  and  day ;  not  only 
in  the  hot  weather  of  summer,  but  also 
in  the  coldest  day  of  winter. 

Q.  If  the  perspiration  be  both  insensible  and 
INVISIBLE,  how  is  it  KNOWN  thot  there  is  any  iuch 
perspiration  f 

A.  If  you  put  your  naked  arm  into  a 
dean,  dry  glass  tuhe,  the  perspiration  will 
condense  on  the  glass  like  mist. 

Q.  Why  are  carriage  windows  very  soon 
covered  with  thick  mist  ? 

A.  Because  the  warm  vapor  of  the 
carriage  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 

Q.  Why  is  the  glass  window  cold  enough  to 
condense  the  vapor  of  the  carriage  f 

A.  Because  the  insule^  of  a  carriage 
is  much  warmer  than  the  outside ;  and 
the  glass  window  is  made  cold  by  con- 
tact with  the  external  air. 

Q.  Where  does  the  warm  vapor  of  the  car- 
riage  come  from  ? 

A.  The  warm  breath  and  insensible 
perspiration  of  the  persons  riding,  load 
the  air  of  the  carriage  with  warm  vapor. 

Q.  What  is  the  cause  of  the  pretty  frost- 
work, seen  on  bed-room  windows  in  wintertiiM  f 
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A.  The  breath  and  insensible  perspir 
ration  of  the  sleeper  (coming*  in  contact 
with  the  ice-cold  window)  dxeftvzen  by 
the  cold  glass,  and  form  those  beautiful 
appearances  seen  in  our  bed-rooms  on  a 
winter  morning. 

Q.  Why  is  the  glass  of  a  window  colder  than 
the  WALLS  of  a  room  ? 

A.  Because  glass  is  so  excellent  a  ra 
diatoTj  that  it  parts  with  its  heat  more 
rapidly  than  the  icalk  do. 

Q.  Why  is  a  TUMBLER  of  cold  WATER  mode 
quite  DULL  with  mist,  when  brought   into  a  room 

FULL  ofTBOVJ.^!, 

A.  Because  the  hot  vapor  of  the  room 
is  condensed  upon  the  cold  tumbler,  with 
which  it  comes  in  contact ;  and  changes 
its  invisible  and  gaseous  form  into  that 
of  a  thick  mist, 

Q.  Why  is  a  glass  made  quite  dull  by  lay- 
ing a  HOT  HAND  upon  it  ? 

A.  Because  the  insensible  j9er^rflrftow 
of  the  hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

Q.  Why  are  wine-glasses  made  quite  duix, 
when  they  are  brought  into  a  room  pull  o/* company^ 

A.  Because  the  hot  vapor  of  the 
room  (coming  in  contact  with  the  cold 
wine-glasses)  is  condensed  upon  them, 
and  covers  them  with  vapor,  like  dew. 
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Q.  Why  does  this  misty  appearance  go  opp, 
€^kr  a  little  time  ? 

A.  Because  the  glass  becomes  of  the 
same  temperature  as  the  air  of  the  room ; 
and  will  no  longer  chill  the  vapor  which 
touches  it,  and  condense  it  into  mist, 

Q.  Why  is  a  wine  glass  {which  has  been 
brought  out  ^  a  cellar  into  the  air)  covered  with 
a  thick  MIST  in  summer-time  ? 

A.  Because  the  vapor  of  the  hen  air 
is  condensed  into  a  thick  mist,  by  contact 
with  the  cold  glass. 

Q.  Why  does  breathing  on  a  glass  make  it 
quite  DULL  ? 

A.  Because  the  hot  breath  is  con- 
densed by  the  cold  glass ;  and  therefore 
covers  it  with  a  thick  mist. 

Q.  Why  are  the  walls  (f  a  house  covered 
wUh  WET  in  a  sudden  thaw  ? 

A.  Because  the  walls  (being  thick) 
cannot  change  their  temperature  so  fast 
as  the  air ;  in  consequence  of  which,  they 
retain  their  cold  after  the  thaw  has  set  in. 

Q.  How  does  "  RETAINING  their  cold"  account 
for  their  being  so  wet  ? 

A.  As  the  vapor  of  the  warm  air 
touches  the  cold  walls,  it  is  chilled  and 
condensed  into  water  ;  which  either  sticks 
to  the  walls  or  trickles  down  in  little 
streams. 
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Q.  Why  does  a  thick  well-built  house  con^ 
tract  more  damp  of  this  kind  than  an  ordinart 
OTue? 

A.  Because  the  walls  are  much 
thicker ;  and  (if  the  frost  has  penetrated 
far  into  the  bricks)  they  will  be  some 
time  before  they  are  reduced  to  the  sanne 
temperature  as  the  air, 

Q.       Why  are  balusters,  ^c.^  damp  after  a 

THAW  5 

A.  Because  they  are  made  of  some 
very  close-grained  varnished  wood, 
which  cannot  change  its  temperature  so 
Jast  as  the  air. 

Balusters — corruptly  called  banisters. 
Q.      How  does  this  account  for  the  balusters 
being  damp  ? 

A.  The  vapor  of  the  warm  air  (com- 
ing in  contact  with  the  cold  balusters)  is 
chilled  and  condensed  into  water  upon 
them. 

Q.  Why  is  our  breath  visible  in  winter, 
and  NOT  in  summer  ? 

A.  Because  the  intense  cold  con- 
denses our  breath  into  visihle  vapor; 
but  in  summer  the  air  is  not  cold  enough 
to  do  so. 

Q.  Why  are  our  hair  and  the  brim  of  our 
HAT  iften  covered  with  little  drops  of  pearly  dbw 
in  winteT'time  f 

A.    Because  our  breath  is  condensed 
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as  soon  as  it  comes  in  contact  with  our 
cold  hair  or  hat,  and  hang's  tliere  in  little 
dew-drops. 

Q.         Wk7/ does  the  STEAM  of  a  RAILWAY  noiLEB^ 

often  pour  down,  like  fine  rain,  when  the  steam  is 
''let  of  r 

A.  Because  in  cold  weather  the 
steam  from  the  chimney  is  condensed  by 
the  chill  air  and  falls  like  fine  rain. 

Q.  Why  is  there  less  dew  when  the  wind  is 
WESTERLY,  than  when  the  wind  is  easterly? 

A.  Because  westerly  winds  cross  the 
continent,  and,  (as  they  pass  over  land) 
are  dry  and  arid:  But  easterly  winds 
cross  the  Atlantic  Ocean,  and  (as  they 
pass  over  water)  are  moist  and  full  of 
vapor. 

Q.  How  dots  the  dryness  of  a  westerly  toind 
prevent  dew-falls  ? 

A.  As  westerly  winds  are  very  dry, 
they  imbibe  the  moisture  of  the  air ;  in 
consequence  of  which,  there  is  very  little 
left  to  be  condensed  into  dew. 

Q.  How  does  the  moistness  of  an  eastern  wind 
PROMOTE  dewfaUs  f 

A.  As  easterly  winds  are  saturated 
with  vapor,  they  require  very  little  re^ 
duction  of  heat  to  cause  a  copious  deposit 
tion  of  dew, 

Q.       When  is  dew  most  coifiousLY  distilled  f 
9* 


202  COMMUNICATION   OP   HBAT. 

A.  After  a  hot  day  in  summer  ol- 
autumn,  especially  if  the  wind  be  easterly. 

Q.  Why  is  dew  distilled  most  copiously  q^ 
ier  a  hot  dap  ? 

A.  Because  the  surface  of  the  hot 
earth  radiates  heat  very  freely  at  sunset, 
and  (being*  made  much  colder  than  the 
air)  chills  the  passing  vapor  and  con- 
denses it  into  dew. 

Q.  Does  not  air  radiate  keaij  as  well  as  the 
EARTH  and  its  va/ious  plants  ? 

A.  No.  The  air  never  radiates  heat ; 
nor  is  the  air  made  hat  by  the  rays  of 
the  8U/1.     . 

Q.      How  is  the  air  made  hot  or  cold  ? 

A.  By  convection  of  hot  or  cold  cur- 
rents. 

Q.      Explain  this. 

A.  The  air  which  has  been  heated  by 
the  surface  of  the  earth  ascends,  warm- 
ing the  air  through  which  it  passes. 
Other  air  (being  warmed  in  a  similar 
way)  also  ascends,  carrying  heat  f  and 
this  is  repeated,  till  all  the  air  is  made  hot. 

Q.      How  is  the  jljh  made  coi^d^ 

A.  The  air  resting  on  the  earth  is 
made  cold  by  contact :  this  cold  air  makes 
the  air  above  it  cold;  and  cold  currents 
(or  winds)  shake  the  whole  together^  till 
all  becomes  of  one  temperature. 
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•  Q,       Why  is  MEAT  very  subject  to  taint  on  a 

MOONLIGHT  night  ? 

A.  Because  it  radiates  heat  very  freely 
in  a  bright  moonlight  night ;  in  conse- 
quence of  which,  it  is  soon  covered  with 
deiD^  which  produces  rapid  decomposition. 

Q.  How  do  MOONLIGHT  nights  conduce  to  the 
rapid  growth  of  plants  ? 

A.  Radiation  is  cai*ried  on  very 
rapidly  on  bright  moonlight  nights  ;  in 
consequence  of  which,  dew  is  very  plen- 
tifully deposited  on  young  plants,  which 
conduces  much  to  their  growth  and  vi- 
gor. 

Q.       Why  is  evening  dew  injurious  to  health  ? 

A.  Because  it  is  always  laden  with 
noxious  exhalations  from  the  earth  ;  espe- 
cially in  marshy  countries. 

Q.      Is  HONEY-DEW  a  similar  thing  to  dew  1 

A.     No.    Honey-dew  is  a  sweet  liquid 
shed  by  a  very  small  insect  (called  the  " 
aphis)  and  deposited  in  autumn  on  the 
under  surface  of  favorite  leaves. 

Frequently  also  on  Lime  Trees,  in  the  Spring. 

Q.  Does  HONEY-DEW  INJURE  leaves,  or  do  them 
good? 

A.  It  injures  them  very  much,  by  fill- 
ing the  pores  with  a  thick,  clammy  liquid ; 
in  consequence  of  which,  the  leaf  can 
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neither  transpire  nor  absorb  its  needful 
food. 

Q.       What  EFFECT  has  hojiey-dew    upon   the 

APPEARANCE  of  a  Uaf? 

A.  After  a  little  tinae,  the  leaf  (being" 
smothered  and  starved)  begins  to  turn  a 
dingy  yellmo. 

Q.      Are  not  ants  very  pond  of  honey-dew? 

A.  Yes;  and  crawl  up  the  loftiest 
trees  in  order  to  obtain  it. 

Q.       What  is  the  cause  of  mist  {or  earth'fog)  T 

A.  If  the  night  has  been  very  calm^ 
the  radiation  of  heat  from  the  earth  has 
been  very  abundant ;  in  consequence  of 
which,  the  air  (resting  on  the  earth)  has 
been  chilled^  and  its  vapor  condensed 
into  a  thick  mist. 

Q.      Why  does  not  the  mist  become  dew  ? 

A.  Because  the  chill  of  the  air  is  so 
rapidj  that  vapor  is  condensed  faster 
than  it  can  be  deposited;  and  (covering 
the  earth  in  a  mist)  prevents  any  further 
radiation  of  heat  from  the  earth. 

Q.  When  the  earth  can  no  longer  radiatb 
heat  upwards,  does  it  continue  to  condense  the  vapor 
of  the  air  ? 

A.  No ;  the  air  (in  contact  with  the 
earth)  becomes  about  equal  in  tempera^ 
ture  with  the  surface  of  the  earth  itself; 
for  which  reason,  the  mist  is  not  con^ 
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densed  into  deWj  but  remains  floating 
above  the  eaidh  as  a  thick  cloud. 

Q.  This  MIST  seems  to  rise  higher  and 
HIGHER,  and  yet  remains  quite  as  dense  below  as  at 
first.     Explain  the  cause  of  this. 

A.  The  air  resting  on  the  earth  is 
first  chilled,  and  chills  the  air  resting*  on 
it ;  the  air  which  touches  this  neir  layer 
of  mist  being  also  condensed,  layer  is 
added  to  layer :  And  thus  the  mist  seems 
to  be  risings  when  (in  fact)*  it  is  only 
deepening. 

Q.  Why  do  MIST  cCnd  dew  vanish,  as  the  sun 
rises  ? 

A.  Because  the  air  becomes  warmer 
at  sun-rise,  and  absorbs  the  vapor. 

Q.      Why  is  a  dew-drop  rqund  7 

,  A.     Because  every  part  of  it  is  equaUy 

balanced;   and,  therefore,   there   is   no 

cause  why  one  part  of  the  drop  should 

be  further  from  the  centre  than  another. 

Q.  Why  is  the  dew-drop  (on  a  broad  leaf) 
sometimes  flattened  ? 

A.  Because  two  or  more  drops  of 
"dew  roll  together^  and  make  one  large 
spheroid  (or  flattened  drop). 

Q.  Why  wiU  dew-drops  roll  about  cab- 
bage-plants, POPPIES,  ^c,  vnthout  wetting  the  sur* 
face? 

A.    Because  the  leaves  of  cabbages 
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and  poppies  are  covered  with  a  very  fine 
waxen  powder^  over  which 'the  dew-drop 
rolls  without  wetting  the  surface,  as  a 
drop  of  rain  would  over  dust. 

Q.  Why  does  iwt  a  drop  of  rain  wet  tha 
DUST  over  'which  it  rolls  ? 

A.  Because  dust  has  no  affinity  for 
water,  and,  therefore,  repels  it. 

Q.  Why  does  not  the  dew-drop  wet  the  pow- 
der of  the  C ABpAGE-PLANT  ? 

A.  Because  the  fine  powder  which 
covers  the  cabbage-leaves  has  no  affinUif 
for  water,  and,  therefore,  repels  it. 

Q.  Why  will  dew-drops  roll  over  a  rose, 
4'c.,  without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose  con- 
tain an  essential  oil,  which  has  no  affinity 
for  water,  and,  therefore,  repels  it. 

Q.  Why  can  swans  and  ducks  dive  tmder 
water  without  being  wetted  ? 

A.  Because  their  feathers  are  cover- 
ed with  an  oUy  secretion,  which  has  no 
affinity  for  water,  and,-  therefore,  re- 
pels it. 

Q.     ,  What  is  the  cause  ^mist? 

A.  Currents  of  air  from  the  water 
coming  in  contact  with  colder  land  cur- 
rents. 

Q.  Why  are  the  currents  (fair  from  the-  LaN1> 
colder  than  those  bloiving  over  water  ? 
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A.  Because  the  earth  radiates  heat 
after  sun-set  more  freely  than  water ; 
consequently  the  air  which  comes  in  con- 
tact with  the  land  is  more  cold  than 
that  which  comes  in  contact  with  water. 

For  other  questions  respecting  land  and  sea  breezes  see 
Chapter  XXIV. 

Q.  Whif  is  not  the  air  which  passes  over 
WATER  SO  COOL  OS  that  which  passes  over  land  ? 

A.     Because    water    does     not  cool 
down  at  sun-set  so  fast  as  land  does ;  - 
and,  therefore,  the  air  in  contact  with  it 
remains  warmer. 

Q.       Why  does  not  water  cool  down  so  fast  as 

LAND? 

A.  1  St — Because  the  surface  of  water 
is  perpetually  clianging  ;  and,  as  fast  as 
one  surface  is  made  cold,  another  is  pre- 
sented :  and 

2dly — The  moment  water  is  made 
cold  it  sinks^  and  warmer  portions  of  wa- 
ter rise  to  occupy  its  place  :  therefore, 
before  the  surface  of  water  is  cooled^  the 
tchole  volume  must  be  made  cold :  which 
is  not  the  c^se  with  land. 

Q.  What  is  the  cause  of  a  ^^  pea-soup^^  Lon- 
don FOG? 

A.  These  fogs  (which  occur  general- 
ly in  the  winter  time)  are  occasioned, 
thus  : — Some  current  of  air  (being  sud* 
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deuly  cooled)  descends  into  the  .warm 
Greets,  forcing  back  the  smoke  in  a  nuiss 
towards  the  earth. 

Q.       Why  are  there  not  fogs  every  night  ? 

A.  Because  the  air  will  always  hold, 
in  solution  a  certain  quantity  of  vapor, 
(which  varies  according-  to  its  tempera- 
ture :)  and,  when  the  air  is  not  saturated, 
it  may  be  cooled  without  parting  with 
its  vapor. 

Q.       When  do  fogs  occur  at  night  ? 

A.  When  the  air  is  saturated  with 
vapor  during  the  day.  When  this  is  the 
case,  it  deposits  some  of  its  superabun- 
dant moisture  in  the  form  of  dew  or  fog- 
as  soon  as  its  capacity  for  holding  vapor 
is  lessened  by  the  cold  ni^ht. 

Q.  JVhy  is  there  very  often  a  fog  over 
MARSHES  and  rivers,  a4  night-time  1 

A.  Because  the  air  of  marshes  is 
almost  always  near  saturation;  and, 
therefore,  the  least  depression  of  temper 
rature  will  compel  it  to  relinquish  some 
of  its  moisture  in  the  form  of  dew  or 
.fog. 

Q.      What  is  the  difference  between  dew  and 

A.  In  dew,  the  condensation  is  made 
.near  the  earth^s  surface. 


MIST   AND  FOG.  209* 

In  rain^  the  drops  fall  from  a  consi- 
derable height. 

Q.       Whai  is  the  cause  of  bath  dew  and  tain  f 

A.     Cold  condensing  the  vapor  of  the 

air  when  near  the  point  of  scUuralion. 

Q.       Why  do  MIST  and  poo  vanish  ai  sun-rise  T 

A.     Becfiuse  the  condensed  particles 

are  again  changed  into  invisU^le  vapor  by 

the  heat  of  the  sun. 

Q.       Wh/U  is  the  difference  between  a  hjst  and  a 

FOG? 

A.  Mist  is  generally  applied  to  va- 
pors condensed  on  marshes^  rivers^  and 
lakes.. 

Fog  is  generally  applied  to  vapors 
condensed  on  land;  especially  if  those 
vapors  are  laden  with  smoke. 

Q.  What  is  the  reason  why  condensed  vapor 
sometimes  forms  into  clouds,  and  sometimes  into 

FOG? 

A.  If  the  surface  of  the  earth  is 
hotter  than  the  air^  the  vapor  of  the 
earth  is  chilled  by  the  cold  air,  and  be- 
comes FOG :  But  if  the  air  is  hotter  than 
the  earthj  the  vapor  rises  through  the  air^ 
and  becomes  cloud. 

Q.  If  cold  air  produces  fog,  why  is  it  not 
foggy  on  a  frosty  morning  1 

A.  1st — Because  less  vapor  is  formed 
on  di frosty  day:  and 
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2dly — The  vapor  is  frozen  upon  the 
groundj  before  it  can  rise  from  the  earth, 
and  becomes  hoar-frost. 

Q.  Why  are  fogs  more  gcTieral  in  autumn 
than  in  spring  ? 

A.  1st — Because  the  air  in  spring-  is 
generally  much  drier  than  it  is  \n  autumn ; 
in  consequence  of  which,  it  is  not  so  near 
the  point  of  saturation :  and 

2dly — The  eartk  in  spring  is  not  so 
hjot  as  it  is  in  autumn ;  in  consequence 
of  which,  its  vapor  is  not  chilled  into  fog 
as  it  issues  into  the  air. 

Q.  Why  are  fogs  more  common  in  yalletb 
than  on  hills  % 

A.  1st  —  Because  valleys  contain 
more  moisture  than  hiUs :  and 

2dly — They  are  not  ea^posed  to  suffi- 
cient wind  to  dissipate  the  vapor. 

Q.      How  Hoes  wind  dissipate  fogs  ? 

A.  Either  by  bloioing  them  away ; 
or  else  by  dissolving  them  into  vapor 
again. 

Q.       WTuU  is  hoar-frost  ? 

A.  There  are  two  sorts  o'  hoar-frost ; 
1. — ^Frozen  dew  :  and  2. — I  iozen  fog. 

Q.  What  is  the  cause  of  the  ground  hoar- 
frost, or  ^oie/i  dew? 

A:  Very  rapid  radiation  of  heat  from 
the  earth ;  in  consequence  of  which,  the 
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w/rface  is  so  cooled  doum  that  it  freezes 
the  dew  condensed  upon  it. 

Q.       Why  is  hoar-frost  seen  only  after  a  very 

CLEAR  NIOHH  ? 

A.  Because  the  earth  will  not  have 
thrown  off  heat  enough  by  radiation  to 
freeze  the  vapor  condensed  upon  its  sur- 
face, unless  the  night  has  been  very  clear 
indeed. 

Q.  Why  does  hoar-frost  very  often  cover 
the  GROUND  and  trees,  when  the  water  of  rivers  is 
not  frozen  ?         , 

A.  Because  it  is  not  the  effect  of  cold 
in  the  air,  but  cold  on  the  surface  of  the 
earth  (produced  by  excessive  radiation), 
\T\\\ch  freezes  the  dew  condensed  upon  it. 

Q.  Why  is  the  hoar-frost  upon  grass  and 
VEGETABLES  mtu:h  thicker  than  that  upon  lofty 
trees? 

A.  Because  the  air  (resting  on  the 
suffdce  of  the  ground)  is  much  colder 
after  sun-set  than  the  air  higher  up;  in 
consequence  of  which,  more  vapor  is 
wndensed  and  fjvzen  there. 

Q.  Why  is  the  air  (resting  on  the  surface  of 
the  earth)  colder  than  thai  in  the  higher  regions  f 

A.  Because  the  earth  radiates  more 
heat  than  the  leaves  of  lofty  trees ;  and, 
therefore,  more  rapidly  condenses  and 
freezes  the  vapor  of  the  air. 
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Q.  Whr/ are  BVEKGRBENS- often  fhost-bitten 
token  lofty  trees  are  not?     ^ 

A.  Because  they  do  not  rise  far  above 
the  surface  of  the  earth ;  and  (as  the  air 
contiguous  to  the  earth  is  made  colder  by 
radiation  than  that  in  the  higlmr  regions), 
therefore,  the  low  evergreen  is  often^ros^- 
bitten,  when  the  lofty  tree  is  uninjured. 

Q.  Why  is  there  little  or  no  hoar-frost  un- 
der  SHRUBS  and  shady  trees-? 

A.  1st — Because  the  leafy  top  arrests 
the  process  of  radiation  from  the  earth : 

2dly — Shrubs  and  trees  radiate  heat 
towards  the  earth:  and,  therefore,  the 
ground  beneath  is  never  cold  enough  to 
congeal  the  little  dew  which  rests  upon  it. 

Q.  What  is  the  cause  of  that  hoar-frost 
which  arises  from  frozen  fog? 

A.  The  thick  fog  which  invested  the 
earth  during  the  night  (being  condensed 
by  the  cold  frost  of  early  morning),  is  con-^ 
gealed  upon  every  object  with  which  it 
comes  in  contact.  , 
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CHAPTER  XIX. 
5. — Convection. 

Q.       WTuU  is  mearU  hy  the  conveotion  cf 

HEAT? 

A.  Heat  communicated  by  being 
carried  to  another  thing  or  place  ;  as  the 
hot  water  resting  on  the  bottom  of  a  ket- 
tle carries  heat  to  the  water  through 
which  it  ascends.     (S^p.  226.) 

Q.      Are  liquids  good  conbuctorb  of  heat  ? 

A.  No ;  liquids  are  bad  conductors ; 
and  are,  therefore,  made  hot  by  convec- 
tion, * 

Q.  Whjf  are  liquids  bad  conductors  (f 
heat  ? 

A.  Because  heat  converts  a  liquid  into 
steam ;  and  flies  off  with  the  vapor  in- 
stead of  being  conducted  through  the 
liquid. 

Q.       Explain  how  water  is  made  hot. 

A.  The  water  nearest  the  fire  is  first- 
heated,  and  (being  heated)  rises  to  the 
top  ;  while  its  place  is  supplied  by  colder 
portions,  which  are  heated  in  turn,  till 
all  the  water  is  boiling  hot. 

Q.  Why  is  water  in  such  continual  ferment, 
when  it  is  boiling  1 

A.     This  commotion  is  mainly  produ- 
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ced  by  the  ascending  andjisscendinff  cur- 
rents of  hot  and  cold  water. 

The  escape  of  steam  from  the  water  ooiitribntes  also  to 
increase  thus  agitation. 

Q.      How  do  these  two  currents  pass  each  other  f 

A.     The  fwt  ascending  current  rises  up 

through  the  centre  of  the  mass  of  water ; 

while  the  cold  descending  currents  pass 

down  by  the  metal  sides  of  the  kettle. 

Fot  other  questions  on  the  subject  of  boiling  water, 
see  from  page  109  to  116. 

Q.  Why  is  heat  applied  to  the  bottom,  and 
not  to  the  top  (fa  kettle  ? 

A.  Because  the  heated  water  always 
ascends  to  the  swrfuce^  heating  the  water 
throifgh  which  it  passes ;  if,  therefore, 
heat  were  applied  to  the  top  of  a  vessel, 
the  water  hebw  the  surface  would  never 
be  heated, 

Q.  As  the  lower  part  of  a  grate  is  made  red- 
hot  by  the  fire  above,  why  would  not  the  water 
hoUy  if  fire  were  applied  to  the  top  of  a  kettle  1 

A.  The  iron  of  a  grate  is  an  excellent 
conductor  ;  if,  therefore,  one  part  be  heat- 
ed, the  heat  is  conducted  to  every  other 
part :  But  water  is  a  very  had  conductor^ 
and  will  not  diffuse  heat  in  a  similar  way. 

Q.      Prof^e  that  water  is  a  bad  conductor  of 

A.  When  a  blacksmith  immerses  his 
red-hot  iron  in  a  tank  of  water,  the  water 
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Is  the  iron  is  made  boiling 
below  the  surface  remains 

•A  to  COOL  LIQUIDS,  wherc  should 

'  q^  of  the  liquid;  because 
s  will  always  descend^  and 
ner  parts  to  come  in  con- 
doling substance. 

MXQ.    water  get  hotter  by  being 

■  >t  if  the  steam  be  suffered 

>'  not   boiling  water  get  hotter, 

'^f'ed   to  ESCAPE  % 

^^^  the  water  is  converted 
ftist    as  it  boils;   and  the 
awcty  the  additional  heat. 
^^''5  soxji»  keep  hot  longer  than  boil- 

•^^e  th^  o-rease  and  various  in- 

''*^^^^g*  in  tHe  soup,  oppose  the 

■»*^tion     of  the  hot   particles, 

t-heix-  rising  so  freely  to  the 

ZhP'^"^^  ^0  keep  WATER  ^OT  for  a 


could 

'^ddia 
or. 


^^    be  done  ? 


§• 


a  little  starch  or  flour 


,  ve  to  h       ^*'  ^^^^  STARCH,  added  to  boU'» 

^^2>    i^HOT? 
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A.  Because  it  would  oppose  the 
ascending*  motion  of  the  hot  particles  of 
water,  and  prevent  their  risings  so  freely 
to  the  surface. 

Q.  IVhy  do  thick  milk,  rice  milk,  ^c,  re- 
main HOT  longer  than  water  ? 

A.  Because  the  ascending*  motion  of 
the  hot  particles  is  opposed  by  the  flour 
or  rice,  and  cannot  so  quickly  reach  the 
surface. 

Q.      Is  STEAM  visible  or  invisible  ? 

A.     Steamris  invisible;  but  whpn 
comes  in  contact  with  the  air   (beii 
condensed  into  small  drops)  it  instant 
becomes  visible. 

Q.      How  do  you,  know  thai  steam  is  intisiblv 

A.     If  you  look  at  the  spout  of  a  boil 
ing"  kettle,  you  will  find  that  the  steal] 
(which  issues  from  the  spout)  is  alwaj 
invisible  for  about  half  an  inch ;  af 
which  it  becomes  visible. 

Q.      Why  is  the  steam  invisible  for  half 

INCH  ? 

A.     Because   the   air  is  not  able 
condense  it,  as  it  first  issues  from  tt 
spout ;  but  when  it  spreads  and  comes  i 
contact  with  a  larger  volume  of  air, 
invisible  steam  is  readily  condensed  into 
visible  drops. 

Q.      Why  do  steam-engines  sometimes  burst? 
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A.  Because  steam  is  very  elastic; 
and  this  elasticity  increases  in  a  greater 
proportion  than  the  heat  which  produces 
it ;  unless,  therefore,  some  vent  be  freely 
allowed,  steam  will  burst  the  vessel 
which  confines  it. 

Q.         Is  AIR  a  good  CONDUCTOR  1 

A.  No ;  air  is  a  very  bad  conductor; 
and  is  heated  (like  water)  by  convection. 

How  M  fli  ROOM  WARMED  by  a  STOVE? 

The  air  nearest  the  fire  is  made 

and  rises ;  cold  air  then  descends^ 

and  ascends  in  like  manner; 

lis  iiiterchaiig^e  goes  on  till  ail  the 

rootii  is  warmed,     (See  p.  56.) 

Tt^^  a^e  FIRES  placed  on  the  floor  of  « 
d  noC  towards  the  ceiling  ? 

Because  heated  air  always  as- 
If,  there  fore,  the  fire  were  not 
'.fiom\  the  air  of  the  lofiJoer  part  of 
3m  would  never  be  heated  by  the 
all 
If  you  lake  a  poker  out  of  the  fire,  and 

HOT    BSD  DOWNWARDS,  whi/  IS  the  HANDLE 

fV  HOT  1 

Because  the  hot  end  of  the  poker 
the  air  around  it;  and  this  hot  air 
f{in  its  ascent)  scorches  the  poker  and  the 
haifhd  which  holds  it. 

10 
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Q.  Hew  should  a  red-hot  poker  he  carried^ 
90  as  not  to  burn  our  fingers  1 

A.  With  the  hot  end  upwards;  for 
then  the  air  (heated  by  the  poker)  would 
aot  pass  over  our  hand  and  scorch  it. 


PART-  U. 
AIR. 

CHAPTER    XX. 

THE   ATMOSFEEHE. 

Q.       Of  what  is  cUmospheric  air  composed  f 
A.     Principally  of  two  gases,  oxygen 
and  nitrogen,    mixed    together  in    the 
following  proportion:   viz.,  1  gallon  of 
oxygen  to  4  of  nit^pgen. 


It  must  not  be  forg^otten  that  the  air  contains 
qnantiiies  of  other  gaseous  substanees  i^ao,  as  vapor  of 
tmskr,  ca/rbonic  acid^  and  ammoTua. 

Q.       Whai  do  yon  mean  by  a  gas  % 
A.     A  perrnanent  elastic  fluid  resem- 
bling air. 

H.  B.    MOST  GASES  ARK  INVISIBLE  OR  COLORLBSB,  LIKC  AIR. 

"  Permanent," — In  this  respect  gas  diflfers  from  vapory 
which  is  not  permanent;  for  vapor  may  be  easily  con- 
densed by  cold  into  a  li^idy  but  gas  never  changeB  its 
gaseons  form. 

"  Elastic,"— In  this  respect  gas  diflTers  from  a  lufuidy 
which  is  almost  inelastic;  whereas  gas  is  exceedingly 
•lasticw 

"Resembling  air,"  or  aeriform.— The  word  "Gas** 
means  air,  but  air  is  a  compound  of  two  |;aaes.  Bonie 
few  gases  are  visible,  as  chlorine,  which  is  a  greeniflh 
ydlow. 

219 
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Q.       Whai  is  the  difference  between  a  gas  and  a 

LIQinD  ? 

A.     Gases  are  elastic^  biit  liquids  iwt, 
Q.      Illustrate  what  is  meant  by  "  the  elasticity 

A.  If  from  a  vessel  full  of  gas  half 
were  taken  out — the  other  half  would  im- 
mediately spread  itself  out,  and  fill  the 
same  space  as  was  occupied  by  the  xohole. 

Q.      Prove  that  a  liquid  is  not  elastic. 

A.  If  from  a  gallon  of  water  you  take 
hcdf  the  remaining  4  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did  :  a  liquid^  therefore,  is  not 
elastic  like  gas. 

strictly  speaking,  a  liquid  is  stishtly  elastic ;  inasmucb 
as  it  may  be  compressed  and  will  afterwards  recover  its 
former  dimensions. 

Q.       What  are  the  uses  of  the  oxygen  of  the  air  f 

A.  To  support  combustion  and  sus- 
tain life. 

Q.  What  is  meant,  when  it  is  said,  that  the 
oxTGEN  of  the  air  "supports  combustion?" 

A.  It  means  this:  It  is  the  oxygen 
of  the  air  which  makes  fuel  burn. 

Q.      How  does  the  OXYGEN  of  the  air  make  FUEL, 

B0RN? 

A.  The  fuel  is  decomposed  (by  heat) 
into  hydrogen  and  carbon;  and  these 
elements  combining  with  the  oxygen  of 
the  air  produce  combustion. 
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Q.  What  OAS  is  produced  by  the  combinatum 
of  carbon  and  oxygen  ? 

A.     Carbonic  acid  gas.     (See  p.  4S.) 
Q.       WTuU  becomes  of  the  hyd&ooen   (f  ike 

FUEL? 

A.  The  hydrogen  of  the  fuel  combines 
w^ith  the  oxygen  of  the  air,  and  forms 
WATERY  VAPOR  ;  but  the  combination  is 
attended  by  the  production  of  jiame^ 
owing  to  the  very  inflammable  nature 
of  hydrog-en  gas. 

Q.  What  becomes  of  the  nitrogen  cf  the  avr^ 
amidst  all  these  changes  and  combinations  T 

A.  The  nitrogen  escapes  unchai/^ed^ 
to  be  again  mixed  with  oxygen,  and  con- 
verted into  common  air. 

Q.       What  is  meant^  when  it  is  said,  that  oxt- 

GEN   "  SUSTAINS  LIFE  ?" 

A.  It  means  this :  If  a  person  coiUd 
not  inhale  oxygen,  he  would  die. 

Q.  WTuU  GOOD  does  this  inspiration  of  oxtgen 
do? 

A.     1st — It  gives  vitality  to  the  bbod : 
and 
2dly — ^It  is  the  cavse  of  animal  heat. 

Q.      How  is  FOOD  converted  into  blood  ? 

A.  After  it  is  swallowed,  it  is  dis- 
solved in  the  stomach  into  a  grey  pulp^ 
called  Chyme  ;  it  then  passes  into  the  in- 
testines, and  is  converted  by  the  "  bile" 
into  a  milky  substance^  called  chyle. 
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Ghyme— fmrnmrnee  kyme— chyle  primoum:e  kyle— cac* 
as  one  syllaUe. 

Q.  What  BECOMES  cf  the  milky  substanu 
catted  CHYLE  % 

A.  It  is  absorbed  by  the  vessels  call- 
ed "  lacteah^^  and  poured  into  the  veins 
on  the  left  side  of  the  neck. 

Lac'teals — ^onov,nee  I«ac*-te-als. 
Q.       What  becomes  cf  the  chyle,  after  it  it 
POURED  into  the  veins  ? 

A.     It  Trmtgtes  with  the  Uood,  and  is 
itself  corwerted  into  blood  also. 
•    Q.       How  does  the  oxygen  we  inhale  minglb 
with  the  BLOOD  % 

K.  The  oxy^n  of  the  air  minglea 
with  the  blood  in  the  lungs,  and  converts 
it  into  a  bright  red  cobr, 

Q.  What  color  is  the  blood. vefoke  it  is  oxi- 
dized in  the  lungs  ? 

A.  A  dark  purple.  The  oxygen  turns 
it  to  a  bright  red. 

Oxidized,  i.  e.,  impregnated  with  oxygen. 

Q.  Why  are  persons  so  pale,  who  live  in 
CLOSE  rooms  and  cities  ? 

A.  Because  the  blood  derives  its 
redness  from  the  oxygen  of  the  air  inhal- 
ed ;  but,  as  the  air  in  close  rooms  and 
cities  is  not  fresh,  it  is  deficient  in  oxygen, 
and  cannot  turn  the  blood  to  a  beautiful 

bright  red. 

Q.  Why  are  persons,  who  live  in  the  OPBit 
AIR  and  in  the  coimtry^  of  a  kvsdy  eompleximi  f 
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A.  Because  they  inhale  fresh  air 
which  has  its  full  proportion  of  oxygen : 
and  the  blood  derives  its  bright  red  color 
from  the  oxygen  of  the  air  inhaled. 

Q.  Why  is  not  the  air  in  cities  90  fresh  oj 
that  in  the  country? 

A.  Because  it  is  impregnated  with 
the  breath  of  its  numerous  inhahitants^ 
the  odor  of  its  sewers,  the  smoke  of  its 
fires,  and  many  other  impurities. 

Q.  How  does  oxtoen  convert  the  color  of  blood 
into  a  bright  red  ? 

A.  The  coloring  matter  of  the  blood 
is  formed  by  very  minute  globules  float- 
ing in  it ;  the  oxygen  (uniting  with  the 
coats  of  these  globules)  makes  them  milky 
— and  the  dark  coloring  matter  of  the 
blood  (seen  through  this  milky  coat) 
appears  of  a  bright  red, 

Exp. :— If  yon  put  some  dark  venous  blood  into  a  mtZty 
glass,  and  hold  it  np  towards  the  light,  it  will  appear  of  a 
brigU  florid  color  like  arterial  blood. 

Q.  How  does  the  combination  vf  oxtoen  with 
ike  BLOOD  produce  animal  heat  ? 

A.  The  principal  element  of  the 
blood  is  carbon;  and  this  carbon  (com- 
bining with  the  oxygen  of  the  air  inhaled) 
produces  carbonic  acid  gas^  in  the  same 
way  as  burning  fuel.     {See  p.  43.) 

Q.  What  becomes  cf  the  nttroobn  of  the  otr, 
t^  the  oxygen  enters  the  blood  t 
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A.  It  is  thrown  out  from  the  lungs 
unchang-ed,  by  the  act  of  breathing* ;  to 
be  ag-ain  mixed  with  oxygen  and  con- 
verted into  common  air. 

Q.  Why  does  the  vitiated  air  {after  the  oxy- 
gen has  been  absorbed)  come  out  of  the  mouth,  and 
"not  sink  into  the  stomach  ? 

A.  Because  a  mechanical  provision 
is  made  in  the  upper  part  of  the  wind- 
pipe and  gullet  for  this  purpose. 

N.  B.  The  lungs  are  a  hollow,  spongy  inass,  capable  of 
confining  air  and  of  being  dilated  by  it.  They  are  so  situ- 
ated in  the  thorax  (or  chest),  that  the  air  must  enter  into 
them,  whenever  the  cavities  of  the  thorax  are  enlarged. 
The  process  of  breathing  is  performed  thus :  When  we 
INHALE,  the  thorax  (or  chest)  is  expanded ;  in  consequence 
of  which,  a  vdcuum  is  fomucd  round  the  lungs,  and  heavy 
external  air  instantly  enters  (through  the  mouth  and 
throat)  to  supply  this  vacuum. 

Wficn  we  EXHALE,  the  thorax  corUracts  again ;  in  conse- 
quence of  which,  it  can  no  longer  contain  the  same  quaii- 
tity  of  air  as  it  did  before ;  and  some  of  it  is  necessarily 
expelled:  When  this  expulsion  of  air  takes  place,  the  lun^^s 
and  muscular  fibres  of  the  wind-pipe  and  gullet  anUract  m 
order  to  assist  the  process. 

Q.  If  (both  in  combustion  and  respiration)  the 
OXYGEN  of  the  air  is  consumed,  and  the  nitroqek 
REJECTED —  Why  are  not  the  proportions  of  the 

AIR  DESTROYED  ? 

A.  Because  the  under  surface  of  vege- 
table leaves  (during  the  day)  gives  out 
oxygen ;  and  thus  restores  to  the  air  the 
very  element  of  which  it  has  been  de- 
prived. 
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Q.  Whence  do  leaves  obtain  ike  oxygen 
which  they  exhale  ? 

A.  From  the  carbonic  acid  absorbed 
by  the  rocOs  from  the  soil,  and  carried  to 
the  leaves  by  the  rising  sap. 

N.  B.  Carbonic  acid  (it  miut  be  remembered)  is  a 
compound  of  carbon  and  oxygen. 

Q.  How  do  plants  contrive  to  absorb  carbonic 
acid  from  the  soil  ? 

A.  It  rises  (by  capillary  attraction) 
through  the  small  fibrous  roots,  after  it 
has  been  dissolved  in  the  soil  by  water. 

Q.       Whence  does  the  soil  obtain  carbonic  acid  ? 

A.  1st — From  the  air;  from  which  it 
is  driven  by  falling  showers  : 

2dly — From*  the  decomposition  of  ve- 
getable and  animal  matters,  which  al- 
ways produces  this  gas  in  abundance : 
and 

3dly — All  lime-stone,  challc,  and  cal- 
careous stones,  contain  vast  quantities  of 
carbonic  acid  in  a  solid  state. 

Calcareous,  i.  e.,  of  a  limy  nature. 

Q.  J^  leaves  tkrow  off  the  oxygen  of  the  car- 
bonic  acidj  what  becomes  of  the  carbon  ? 

A,  It  is  retained  to  givejirmhess  and 
solidity  to  the  plant  itself 

Q.  Show  how  God  has  made  animal  life  de» 
pendent  on  thai  of  vegetables. 

A.     Animals  require  oxygen  to  keep 
them  alive,  and  draw  it  from  the  air  by 
10» 
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inspiration  :  The  under  surface  of  leaves 
gives  out  oxygen  ;  and^  thus  supplies  the 
air  with  the  very  gas  required  for  the 
use  of  animals. 

Q.  'Show  how  God  has  made  vegetable  life 
dependent  on  that  of  animal. 

A.  Plants  require  carbonic  a^id, 
which  is  iheiv  pri7icipal  food;  and  all  an- 
imals exhale  the  same  gas  from  their 
lungs.  Thus  plants  supply  animals  with 
oxygen,  and  animals  supply  plants  with 
carbonic  a^id, 

Q.        How  is  AIR  HEATED  ? 

A.     By  "con vective  currents." 

Q.      Explain  whod  is  meant  by  "  convectivb 

CURRENTS." 

A.  When  a  portion  of  air  is  heated, 
it  rises  upwards  in  a  current,  carrying 
the  heat  with  it ;  other  colder  air  succeeds, 
and  (being  Iieated  in  a  similar  way)  asv 
cends  also :  These  are  called  "  convective 
currents." 

("  Convective  currents ;"  so  called  from  the  Latin  words, 
cum-vectxis  (^carried  with)\  because  the  A^a^  is  "carried 
with  "  the  current.) 

Q.        Is  AIR  HEATED  by  the  RAYS  of  the  SUN  ? 

A.  No ;  air  js  not  heated  (in  any  sen- 
sible degree)  by  tlie  action  of  tlie  sun^s 
rays  passing  through  it. 

Q.  Why  then  is  the  air  hotter  on  a  sunny 
DAT|  than  on  a  cloudy  one  ? 
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A.  Because  the  sun  heats  the  swrfdce 
af  the  earthy  and  the  air  (resting  on  the 
earth)  is  heated  by  contact :  as  soon  as  it 
is  heated  it  ascends ;  while  its  place  is 
supplied  by  colder  portions  which  are 
heated  in  turn  also. 

Q.  -5^  AIR  be  n  BAD  CONDUCTOR,  wky  dots  hot 
ntoN  becotne  cold  by  exposure  to  the  air  ? 

A.  Because  it  is  made  cold — 1st — 
By  "  convection ;"  and  2dly — By  "  radi- 
ation." 

Q.      How  is  hat  iron  made  cold  by  convection  1 

A.  The  air  resting  on  the  hot  iron 
(being  intensely  heated),  rapidly  ascends 
with  the  heat  it  has  absorbed ;  colder  air 
succeeding  absorbs  more  lieat  and  as- 
cends also ;  and  this  process  is  repeated 
till  the  hot  iron  is  cooled  completely  down, 

Q.      How  is' hot  iron  cooled  by  radiation  ? 
•   A.     While  its  heat  is  being  carried  off 
by  "  convection,"  the  hot  iron  throws  off 
Iieat  (on  all  sides)  by  radiation  also. 

Q.       What  is  meant  by  radiation  7 

A.  Heat  emitted  (in  all  directions) 
from  any  surface  by  rays. 

Q.  How  is  broth  cooled  by  being  l^  ex-- 
posed  to  the  air  ? 

A.  It  throws  off  some  heat  by  radia- 
tion ;  but  it  is  mmnly  cooled  down  by 
convection. 
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Q.      How  is  hot  BROTH  cooled  down  hy  convec* 

TION? 

A.  •The  air  resting  on  the  hot  broth 
(being*  heated)  ascends;  colder  air  suc- 
ceeding* absorbs  more  heat,  and  ascends 
also;  and  this  process  is  repeated  till 
the  broth  is  made  cool. 

The  particles  on  the  surface  of  the  broth  sinJ^  as  they 
are  cooled  down,  and  warmer  particles  rise  to  the  surface ; 
which  gradually  assists  the  cooling  process. 

Q.  Why  is  hot  tea  aiki  broth  cooled  faster 
by  being  stirred  about  t 

A.  1st — Because  the  agitation  assists 
in  bringing  its  hottest  particles  to  the 
surface. 

2dly — The  action  of  stirring  agitates 
the  air,  and  brings  it  more,  quiddy  to  the 
broth  or  tea :  and 

3dly — As  the  hotter  particles  are  more 
rapidly  brought  into  contact  with  the 
air,  therefore,  convtctimn  is  more  rapid. 

Blowing  tea  or  broth  cools  it  also.    {See  p.  168.) 
Q.      ^  a  shutter  be  closed  in  the  daytime,  the 
stream  of  light  (piercing  through  the  crevice)  seems 
in  constant  agitation.     Why  is  this  ?• 

A.  Because  little  motes  and  particles 
of  dust  (thrown  into  agitation  by  the 
violence  of  the  convective  currents)  are 
made  visible  by  the  strong  beam  of  light 
thrown  into  the  room  through  the  cre- 
vice of  the  shutter. 
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Q.  Why  is  the  gallery  of  a  church  or  the- 
tUre  HOTTER  than  the  aisle  or  pit  ? 

A.  Because  the  hot  air  ascends  from 
the  bottom  to  the  top  of  the  building  ; 
AvViile  cold  air  flows  to  the  bottom  from 
the  doors  and  windows. 

Q.  Why  do  persons  who  ^ascend  in  balloons 
feel  intense  pain  in  their  eyes  and  ears  ? 

A.  Because  the  air  of  the  upper 
regions  is  m4)re  rarefied  than  that  on  the 
earth;  and  the  air  inside  their  bodies 
^seeking  to  become  of  the  same  rarity) 
hursts  through  their  eyes  arid  earSj  pro- 
ducing intense  pain. 

Q.  Why  is  it  often  painful  and  difficult  to 
breathe,  on  a  mountain-top  ? 

A.  Because  the  pressure  of  air  on  the 
mountain-top  is  not  so  great  a^  it  is  on 
the  plain;  and  the  air  inside  our  bodies 
(seekihg  to  become  of  the  same  rarity) 
hursts  through  the  pores  of  the  body  and 
produces  great  pain. 

Q.  Why  do  toe  feel  oppressed  just  previous 
to  a  storm  ? 

A.  Because  the  air  is  greatly  rarefied 
by  heat  and  vapor ;  and  the  air  inside  us 
(seeking  to  become  of  the  same  rarity) 

J)roduces  an  oppressive  and  suffocating 
eeling. 
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Q.  Whtf  do  DIVERS,  when  they  are  undef 
water,  suffer  great  pain  in  their  eyes  and  ears  ? 

A.  Because  the  air  at  the^  bottom  of 
the  sea  is  more  dense  than  the  air  on  the 
surface  ;  and  (till  the  air  inside  the  diver's 
body  is  settled  into  the  same  density)  he 
feels  oppressed  with  pain,  especially  in 
the  ears. 

Q.       Why  is  this^  pain  feit  especially  about  the 

EARS  of  a  DIVER  ? 

A.  Because  the  ear  fs  "fitted  with  a 
small  membrane  called  the  drum(ortym'- 
panum),  through  which  the  dense  air 
bursts:  The  rupture  of  this  membrane 
very  often  produces  incurable  deepness. 

When  the  diver  is  not  in  a  bell  the  dense  water  bursts 
into  his  ears  and  ruptures  the  tympanum. 

Q.       Why  do  our  corns  ache  just  previous  to 

RAIN? 

A.  Because  our  feet  sweU  from  the 
sudden*  depression  in  the  density  of  air ; 
and  the  hard  corn  {not  being  dastic)  is 
painfully  stretched  and  pressed. 

Some  of  this  pain  is  due  to  electricity. 

Q.  .  How  do  you  know  that  the  dhisity  cf  the 
air  is  lowered,  previous  to  a  storm  ? 

A.  Because  the  mercury  of  a  barome- 
ter rapidly  fails. 

Q.       Why  do  cellars  ygg/  warm  in  wintBR  ? 
A.    Because  the  external  air  has  not 
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free  access  into  them ;  in  consequence  of 
which,  they  remain  almost  at  an  even 
terrvpetature — which  (in  winter  time)  is 
about  10  degrees  warmer  than  the  ex- 
ternal air. 

Q.    TFAy  ^  CELLARS ^«Z  COLD  i»  SUMMER? 

A.  Because  the  external  air  has  not 
free  access  into  them ;  in  consequence 
of  which,  they  remain  almost  at  an  eoen 
temperature — ^which  (in  sununer  time)  is 
about  10  degrees  colder  than  the  exter- 
nal air. 

Q.       Why  does  air  rust  iron  ? 

A.  Because  the  oxygen  of  the  air 
combines  with  the  surfax^e  of  the  metal, 
and  produces  oxide  of  iron;  which  is 
generally  called  "  rust." 

An  oxide' of  iron,  copper,  &c.,  is  oxygen  in  combinaHan 
with  iron,  copper,  &c. 

Q.  *  Why  does  hot  iron  scale  and  feel  off] 
when  struck  with  a  hammer  ? 

A."  Because  the  oxygen  of  the  air  very 
readily  unites  with  the  surface  of  the 
hoi  iron,  and  forms  a  metallic  oxide  (or 
rust),  which  scales  off  when  struck  with 
a  hammer. 

Q.      Does  iron  rust  in  dry  air  ? 

A.  No;  iron  undergoes  no  change 
in  dry  air. 
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Q.       Why  do  6TOVES  <md  fire>irons  became 
RUSTY  in  rooma^  which  are  not  occupied  ? 
,   A.     Because   the  air  is  damp;    and 
moist  air  oxidizes  iron  and  steel. 

Oxidizes,  i.  e.,  rusts. 

Q.  In  what  part  of  the  year  is  it  most  difficult 
to  keep  STOVES  and  fire-irons  bright? 

A,     In  autumn  and  winter. 

Q.  JVhy  is  it  more  difficult  to  keep  stoves  and 
FIRE-IRONS  bright  in  aittumn  and  winter  than  in 
sprhig  and  summer  ?  , 

A.  Because  the  capacity  of  the  air 
for  holding*  water  is  constantly  on  the 
decrease^  after  the  summer  is  over;  in 
consequence  of  which,  vapor  is  deposited 
on  everything  with  which  the  air  comes 
in  contact. 

Q.  Why  does  greasing  iron  preverU  its  be- 
coming RUSTY  ? 

A.  Because  grease  prevents  the  hu- 
midity of  air  from  coming  in  contact 
with  the-  surface  of  the  iran. 

Q.  Why  do  not  stoves  rust  so  frequeifUly  as 
POKERS  and  tongs  ? 

A.  Because  stoves  are  generally  cov- 
ered with  plumhago,  or  black  lead. 

Q.       What  is  plumbago,  or  black  lead  ? 

A.     A  mixture  of  charcoal  and  iron. 

Plumbago  (strictly  speaking)  is  a  chemical  union  of 
carbon  and  iron,  in  the  following  proportions : — 91  parts 
carbon  and  9  iron.  But  the*  black  lead  sold  in  shops  is  % 
mixture  of  charcoal  and  iron  filings. 
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K.  B.  A  most  excellent  varnish  to  prevent  rust  is 
made  of  1  pint  of  fat  oil  varnish,  mixed  with  5  pints  of 
highly  rectified  spirits  of  turpentine,  rubbed  on  the  iron 
or  steel  with  a  piece  of  sponge.  This  varnish  may  be  ap- 
plied to  bright  stoves,  and  even  mathematical  instruments, 
without  injuring  their  delicate  polish. 

Q.  JVhy  does  orTiamental  steel  (of  a  purple 
or  LILAC  color)  rust  more  -readily  than  polished 
WHITE  sleel  ? 

A.  Because  the  lilac  ting'e  is  pro 
4uced  by  partial  oxidation;  and  the 
process  which  fijrms  rusts  has,  therefore, 
already  commenced. 

Q.      How  can  lilac  steel  be  kepi  free  from 

RUST  ? 

A.     By  keeping  it  in  a  very  drypla^e, 

Q.  If  DRY  AIR  contains  oxygen,  why  does  it 
NOT  RUST  IRON,  as  Well  OS  MOIST  oir  ? 

A.  Because  moisture  is  always  need- 
ed, in  order  to  bring  into  action  the 
afiRnity  of  oxygen  for  steel. 

Q.  Do  any  other  metals  (besides  iron)  com- 
bine  rapidly  with  oxygen  ? 

A.  Yes ;  copper,  lead,  mercury,  and 
even  silver  to  some  extent. 

Q.       Why  does  copper  tarnish  ? 

A.  The  tarnish  of  copper  is  caused 
by  its  oxidation :  that  is,  the  oxygen  of 
the  air  combines  with  the  surface  of  the 
copper,  and  (instead  o{  rusting  it)  covers 
it  with  a  dark  tarnish, 

Q.  Why  does  lead  becovie  of  a  darker  Ane, 
by  being  exposed  to  the  adr  f 
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A.  Because  the  vapor  of  the  air  com- 
bines with  the  lead,  and  oxidizes  its  sur- 
/a4:e  ;  but  instead  of  becoming-  rusty ^  the 
surface  assumes  a  darker  hue, 

Q.  Why  does  lead  lose  Us  brightness,  and 
become  dull,  by  being  exposed  to  the  air  ? 

A.  The  dullness  of  the  lead  is  caused 
by  the  presence  of  a  carbonate  of  the 
oxide.  When  the  oxide  is  formed,  it 
attracts  carbonic  ami  from  the  air,  and 
(combining^  with  it)  produces  a  carbonate^ 
which  gives  the  daU  tint  to  old  lead. 

Q.       Why  is  it  difficult  to  keep  silver  bright  ? 

A.  Because  the  vapor  of  the  air  oxi- 
dizes its  surface,  and  tarnishes  it. 

Q.  Why  do  silver  tea-pots  and  spoons  tar- 
nish more  quickly  than  silver  ore  or  bullion  ? 

A.  Because  alloy  of  some  baser  me- 
tal is  used,  to  make  them  more  hard  and 
lasting;  and  this  oMoy  oxidizes  more 
quickly  than  silver  itself. 

Q.  Why  does  German  silver  turn  a  din^ 
yellow  in  a  few  hours  ? 

A.  Because  German  silver  has*  a 
great  affinity  for  oxygen  ;  and  shows  its 
oxidation  by  a  sickly  yellow  tarnish^  in- 
stead of  rust. 

Q.  If  quicksilver  (or  mercury)  wHl  tarnish  Hk 
copper  and  lead — why  does  it  preserve  its  brilliancy 
in  barometers  and  thermometers  ? 
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A.     Because  the  air  is  excluded  ;  and 

no  \noisture  can  come  in  contact  with  it, 

to  oaidize  (or  tarnish)  it. 

Q.      Is  GOLD  affected  by  the  atmospkere  f 

A.     Not    readily ;    gold   will    never 

combine  with  oxygen  of  itself,   (i.  e., 

without  aid.) 

Q.  Which  of  the  metals  is  capable  of  resisting 
oxidation  altogether  ? 

A.  Platinum;  in  consequence  of 
which,  the  graduated  arcs  of  delicate 
"  instruments-for-observation  "  are  made 
of  platinum  instead  of  any  oiher  metal. 

Q.  Why  is  platinum  iised  for  the  graduated 
a/rci  of  delicate  nuUhenuUical  instruments^  instead  of 
any  other  metal  ? 

A.  Because  it  will  never  oxidize; 
but  retains  its  bright  surface  in  all  wea- 
thers, free  from  both  rust  and  tarnish. 

Q.  Brfore  plat'inum  was  discovered^  which  tf 
the  metals  was  employed  for  the  same  purpose  f 

A.    Gold. 

Plat'inum  (a  white  metal),  so  called  ft*om  "plata," 
the  Spanish  word  for  silver.  It  was  introduced  from 
South  America  into  England  by  Mr.  Wood,  (A.  D.  1749.) 

Q.  For  what  other  scientipio  pu^rpose  is  plat'- 
inum Tiow  used  ? 

A.  For  crucibles  in.  which  adds  are 
employed  :  and  for  galvanic  batteries. 

Q.  Why  are  crucibles  {in  which  adds  are 
employed)  made  of  plat'invbi  ? 
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A.-  Because  the  acid  would  act  upon 
other  metals^  or  wpon glass;  and  prevent 
the  experimenter's  success. 

Q.  Which  of  the  mCtals  have  the  cREATESt 
affinity  for  oxygen  ? 

A.  Those  called  potas'sium  and  so- 
dium, 

Potas'sinm  and  so'dinm  derive  their  names  from  potash 
and  soda.  Potas'sa  is  the  oxide  of  potas'sium ;  and  soda 
is  the  oxide  of  so'dium. 

Q.  How  is  the  affinity  of  potas'sium  and  so'- 
d4um  for  oxygen  shown  f 

A.  They  decompose  water  im  mediately 
they  are  brought  into  contact  with  it. 

Q,       What  EFFECT  has  potassium  on  water  ? 

A.  It  catches  ^r6  the  moment  it  is 
thrown  into  water,  and  burns  with  a 
vivid  flame — which  is  still  further  in- 
creased by  the  combustion  of  hydrogen^ 
separated  from  the  water. 

N.  B.  Water  is  composed  of  oxygen  and  hydrogen ; 
and  potas'sium  separates  the  two  gases. 

Q.       What  effect  has  so'dium  on  water  ? 

A.  It  does  not  take^re,  as  potassium 
does;  but  undergoes  very  rapid  oxida- 
tion, 

Q.      Is  the  FURR  <?^  KETTLES  an  oxide  ? 

A.  No  ;  the  lurr  (or  deposit  of  boil- 
ing water)  is  a  precipitate  of  lim^e  and 
mineral  salt,  separated  from  the  water 
by  the  process  of  boiling. 
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Q.      h  not  this  furr  cf  boiling  water  <^Un 

DANGEROUS  % 

A.     Yes ;  especially  in  tubular  boilers, 

such  as  those  employed  in  railways. 

Q.  ^  Why  is  this  furr  especially  troublesome 
in  RAILWAY  engines  ? 

A.  Because  it  is  a  bad  conductor  of 
heat;  in  consequence  of  which,  it  hin- 
ders the  evaporating  effect' o(  the  fire, 
and  prevents  the  economy  of  fuel. 

Q.  Why  is  this  furr  especially  dangerous 
in  RAILWAY  engines  ? 

A.  Because,  when  it  is  deposited  in 
the  boilers,  they  are  likely  to  become 
over-heated;  and  then  explosion  will  take 
place,  from  the  sudden  generation  of 
highly  elastic  steam. 

Q.       Why  cannot  railway  engines  he  fed  with 

BRACKISH  WATER  ? 

A.  Because  brackish  water  contains 
mineral  salt ;  which  makes  a  much  lar- 
ger deposit  of  furr  than  water  which 
contains  only  vegetable  matters. 
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CHAPTER  XXI. 
Q.       What  i$  CARBONIC  acid  gas  ? 
A.     A  gas  formed  by  the  '  union  oC 
carbon  and  oxygen :  It  used  to  be  called 

"  FIXED  AIR." . 

3  lbs.  of  carbon  and  8  lbs.  of  oxygen  will  fonn  11  lbs.  of 
carbonic  acid. 

Q.  Under  what  circumstances  does  carbon 
most  readily  unite  vnih  oxygen  ? 

A.  1st  —  When  its  temperature  is 
raised :  Thus  if  carbon  be  red-hot,  oxy- 
gen will  most  readily  unite  with  it  : 
and 

2dly — When  it  forms  part  of  the  fluid 
bhod. 

Q.  Why  do  oxygen  and  carbon  so  readily 
unite  in  the  blood  ? 

A.  Because  the  atoms  of  carbon  are 
80  loosely  attracted  by  the  otiier  materials 
of  the  blood,  that  they  unite  very  readily 
with  the  oxygen  of  the  air  inhaled. 

Q.      Is  carbonic  acid  wholesome  ? 

A.  No ;  it  is  fatal  to  animal  life ; 
and  (whenever  it  is  inhaled)  acts  like  a 
narcotic  poisons-producing  drowsiness, 
which  sometimes  ends  in  death. 

Q.  How  can  any  one  know,  if  a  place  be  iry^ 
fested  vnth  carbonic  acid  gas  ^ 
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A.  Jf  a  pit  or  well  contain  carbonic 
acid,  a  candle  (let  down  into  it)  will  be 
instantly  extinguished.  The  rule,  there- 
fore, is  this — Where  a  candle  will  burUj 
a  man  can  live ;  but  what  loill  extinguish 
a  candle^  will  also  destroy  life. 

Q.  Why  does  a  miner  lovoet  a  candle  into 
a  mine^  before  he  descends  ? 

A.  Because  the  candle  will  he  extin- 
guished^ if  the  mine  contains  carbonic 
acid  gas :  but  if  the  candle  is  not  extin-^ 
guished,  the  mine  is  safe,  and  the  man 
may  fearlessly  descend. 

Q.       Why  does    a    o&owded    room    produce 

HEAD- ACHE  ? 

A.  Because  we  breathe  air  vitiated 
by  the  crowd. 

Q.       Why  is  the  A15,  of  a  room  vitiated  by  a 

CROWD  ? 

A.  Because  it  is  deprived  of  its  due 
proportion  of  oxygen,  and  laden  with 
carbonic  acid. 

Q.  How  15  the  air  of  a  room  affected  thus  by 
a  crowd  ? 

A.  The  elements  of  the  air  inhaled 
are  separated  in  the  lungs  : — the  oxygen 
is  converted  in  the  blood  into  carbonic 
add;  and  the  carbonic  acid  (together 
with  the  nitrogen)  is  thrown  back  again 
by  the  breath  into  the  room. 
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Q.  Is  ALL  the  NITROGEN  REJECTED  by  the 
lungs  1 

A.  Yes ;  oR  the  nitrogen  of  the  air 
is  always  expired, 

Q.       Why  is  a  crowded  room  unwholesome? 

A.  Because  the  oxygen  of  the  air  is 
absorbed  by  the  lungs;  and  carbonic 
acid  gas  (which  is  a  noxious  poison)  is 
substituted  for  it. 

Q.  MerUioih  the  historical  dreumsiances.  so 
well  known  in  connexion  with  the  ''Black  Hole 
if  Calcutta." 

A.  In  the  reign  of  Greorge  II.,  the 
Raja  (or  Prince)  of  Bengal*  marched 
suddenly  to  Calcutta,  to  drive  the  Eng- 
lish from  the  country ;  as  the  attack  was 
unexpected,  the  English  were  obliged 
to  submit,  and  146  persons  were  taken 
prisoners. 

Q.       What  beca,me  of  these  prisoners  ? 

A.  Tliey  were  driven  into  a  place 
about  18  feet  square,  and  15  or  16  feet 
in  height,  with  only  two  small  grated 
windows.  123  of  the  prisoners  died  in 
one  night ;  and  (of  the  23  who  survived) 
the  laiger  portion  died  of  putrid  fevei'S, 
after  they  were  liberated. 

Q.       Why  ioere  so  many  parsons  suffocated  t» 

*  The  Sur  Raja,  at  Dowlat  j  a  voung  man  of  violent  )«««- 
tions,  who  had  but  ju«t  succeeded  to  the  throne.  A.  D.  175& 
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a  few  honrs^from  confinemerU  in  this  close^  hot  pris- 
on-hole ? 

A.  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lungs,  and 
its  place  supplied  by  carbonic  acid^  ex- 
haled by  the  hot  breath. 

Q.       Wh^f  did  the  captives  in  the  black  hole 

die  SLEEPING  ? 

A.  1st — Because  the  absence  of  oxy- 
gen quickly  affects  the  vital  functions, 
depresses  the  nervous  energies,  and  pro- 
duces a  lassitude  which  ends  in  death  : 
and 

2dly  —  Carbonic  acid  gas  (being*  a 
narcotic  poison)  produces  drowsiness  and 
death,  in  those  who  inhale  it. 

Q.  Whtf  are  the  jungles  of  Java  and  Hin- 
dostan  so  fatal  to  life  ? 

A.  Because  vast  quantities  of  car- 
bonic add  are  thrown  off  by  decaying 
vegetables  in  these  jungles ;  and  (as  the 
wind  cannot  penetrate  the  thick  brush- 
wood to  blow  the  pernicious  gas  away) 
it  settles  there,  and  destroys  animal  life. 

Q.       Why  do  persons  in  a  crowded  church  feel 

DROWSY? 

A.     1st — Because  the  crowded  con- 
gregation inhale  a  large  portion  of  the 
oxygen  of  the  air,  which  alone  can  sus- 
tain vitality  and  healthy  &ction  :  and 
11 
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2dly — ^The  air  of  the  church  is  im- 
pregnated with  carbonic  acid  gas,  which 
(being-  a  strong  narcotic)  produces  drow- 
i^ness  in  those  who  inhale  it. 

Q.  Why  do  PERSONS  who  are  much  in  the 
OPEN  AIR  enjoy  the  best  health  ? 

A.  Because  the  air  they  inhale  is 
much  more  pare, 

Q.  Why  is  country  air  more  pure  than  the 
air  in  cities  ? 

A.  1st — Because  there  are  fewer 
inhabitants  to  vitiate  the  air : 

2dly — There  are  more  trees  to  restore, 
the  equilibrium  of  the  vitiated  air :  and 

3dly — The  free  circulation  of  air 
keeps  it  pure  and  wholesome :  (In  the 
same  way  as  running  streams  are  pure 
and  wholesome^  whil^  stagnant  waters 
are  the  contrary.) 

Q.  Why  does  the  scantiness  of  a  cauniry 
POPULATION  render  the  covntky  air  Tnore  pure? 

A.  Because  the  fewer  the  inhabitant 
the  less  carbonic  acid  will  be  exhaled; 
and  thus  country  people  inhale  jmre 
oxygen,  instead  of  air  impregnated  with 
the  narcotic  poison^  called  carbonic  acid 
gas. 

Q.  Why  do  trees  and  flowers  hdp  to  tnake 
country  air  wholesome  ? 

A.     1st — Because  trees  and  flowers 


,    COUNTRY   AND    CITY    AIR,  243 

€d)sorh  tlie  carbonic  add^  generated  by 
the  lungs  of  animals,  putrid  substances, 
and  other  obnoxious  exhalations :  and 

2dly — Trees  and  flowers  restore  to 
the  air  the  oxygen^  which  has  been  in- 
haled by  man  aod  other  animals. 

Q.  Why  is  the  air  of  cities  less  wholesomej 
than  COUNTRY  air  f 

A.  1st — Because  there  are  more  in- 
habitants to  vitiate  the  air : 

2dly — The  sewers^  drains^  bins,  and 
Jilth  of  a  city,  very  greatly  vitiate  the 
air : 

3dly — The  streets  and  alleys  prevent 
a  free  circulation :  and 

4thly — There  are  fewer  trees  to  ab- 
sorb the  excess  of  carbonic  acid  gas, 
and  restore  the  equilibrium, 

Q.  Why  are  persons,  who  live  in  close 
ROOMS  aTid  crowded  cities,  generally  sickly  ? 

A.  Because  the  air  they  breathe  is 
not  pure,  but  is  (in  the  1st  place)  defec- 
tive in  oxygen;  and  (in  the  2d)  is  ii»- 
pregnated  with  ca/fbonic  acid  gas* 

Q.  Where  does  the  carbonic  acid  of  dose 
ROOMS  and  cities  comb  from  ? 

A.  From  the  lungs  of  the  inhabitants, 
the  sewers,  drains,  and  other  like  places, 
in  which  organic  substances  are  under- 
going decomposition. 
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Q.  What  BECOMES  of  the  carbonic  acid  ef 
crowded  cities  ? 

A.  Some  of  it  is  absorbed  by. vegeta- 
bles ;  ahd  the  rest  is  blown  away  by  the 
wind^  and  diffused  through  the  whole 
volume  of  the  air. 

Q.  Does  not  this  constant  diffusion  of  carbonic 
acid  affect  the  purity  of  the  whole  air  ? 

A.  No ;  because  it  is  wafted  by  the 
wind  from  place  to  place,  and  absorbed 
in  its  passage  by  the  vegetable  world. 

Q.       What  is  choke  damp  ? 

A.  Carbonic  oaM  gas  accumulated  at 
the  bottom  of  wells  and  pits,  which  ren- 
ders them  noxious,  and  often  fatal  to 
life. 

Q.  ^  Why  is  not  this  carbonic  acid  taken  up  by 
the  air  and  diffused,  as  it  is  in  cities  ? 

A.  Because  (being  heavier  than  com- 
mon  air)  it  cannot  nse  from  the  well  or 
pit:  and  no  wind  can  get  to  it,  to  blow 
it  away. 

Q.  Why  are  persons  sometimes  killed  by 
leaning  over  beer  vats  ? 

A.  Because  vats  (where  beer  has 
been  made)  contain  a  large  quantity  of 
carbonic  aad  ga^,  produced  by  the  "  vi- 
nous fermentation"  of  the  beer ;  and 
when  a  man  incautiously  leans  aver  a 
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beer  vat,  and  inhales  the  carbonic  acid^ 
he  is  immediately  killed  thereby. 

Q.       Why  are  persons  often  killed,  who  eiUei  * 
BEER  YATS  to  dean  them? 

A.  Because  carbonic  acid  (being  hea- 
vier than  atmospheric  air)  often  rests  upon 
the  bottom  of  a  vat :  when,  therefore,  a 
person  enters  the  vat,  and  stoops  to  clean 
the  bottom,  he  inhales  the  pernicious  gas, 
which  kUk  him. 

Q.  Why  are  persons  sometimes  killed,  by 
having  a  charcoal  fire  in  their  bedrooms  ? 

A.  Because  the  carbon  of  the  burning 
charcoal  unites  with  the  oxygen  of  the  air^ 
and  forms  carbonic  a^id  gas,  which  is  a 
narcotic  poison. 

Q.  If  carbonic  acid  settles  at  the  bottom  of  a 
room,  how  can  it  injure  a  person  lying  upon  a  bed, 
raised  consider ahly  above  the  floor  f 

A.  Because  all  gases  diffuse  them- 
selves through  eax:h  other ^  as  a  drop  of 
ink  would  diffuse  itself  thrdugh  a  cup  of 
water.  If,  therefore,  a  person  slept  for 
6  or  8  hours  in  a  room  containing  carbonic 
acid,  quite  enough  of  the  gas  will  be 
diffused  throughout  the  room  to  produce 
death. 

The  heat  of  the  fire  assists  the  process  of  diffusion. 
Q.       What  are  the  chvf  sources  of  carbonic 

ACID? 
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A.     1st — The  breath  of  animals. 

2dly — The  decomposition  of  vegetable 
and  animal  matter. 

3dly — Lime-stone,  chalk,  and  all  cal- 
careous stones, — in  which  it  exists  in  a 
solid  form. 

Q.  From  which  of  these  sources  is  carbonic 
ACID  most  likely  to  accumulate  to  a  noxious  ezteni  f 

A.  From  the  fermentation  and  putre- 
faction of  decaying  vegetable  and  ani- 
mal matters. 

Q.       How  can  this  accumulation  of  carbonic 

ACID  be  PREVENTED  ? 

A.  By  throwing  quick-lime  into  pla^ 
ces,  where  such  fermentation  and  pu- 
trefaction are  going  on. 

Q.         How   win   QUICK-LIME   PREVENT  the  OCCUr 

mutation  of  carbonic  acid  ? 

A.  Quick-lime  will  absorb  the  car- 
bonic acid  ;  and  produce  a  combination 
called  "  carbonate  of  liniie." 

Q.  Does  not  heavy  rain  prevent  the  accumu- 
lation of  carbonic  acid,  as  weU  as  quick-lime  ? 

A.  Yes ;  an  abundant  supply  of 
water  will  prevent  the  accumulation  of 
carbonic  acid,  by  dissolving  it. 

N.  B.  Red  heat  (as  a  pan  of  red-hot  coals,  or  a  piece 
of  red-hot  iron)  will  soon  absorb  the  carbonic  acid  gaif 
ftccumulated  in  a  pit  or  well. 

Q.  Whai  effect  has  carbonic  acid  on  the  wa- 
ter in  which  it  is  dissolved  ? 
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A.  It  renders  it  slightly  cudd  to  the 
taste. 

Q.       Can  the  capacity  of  water  for  dissolvijig  * 
carbonic  acid  be  increased  ? 

A.  Yes.  Carbonic  acid  may  be^brced 
into  water  by  pressure  to  a  considerable 
extent. 

Q.  To  what  practical  uses  has  this  capacity 
cf  water  {for  dissolving  carbonic  acid)  been  applied  f 

A.  Effei-vescing  draughts  are  made 
upon  this  principle^ 

Q.  Explain'the  cause  of  effervescence  in 
these  beverages  1 

A.  The  carbonic  acid  of  the  beverage 
(being  prevented  by  the  cork  from  cs- 
caping)  is  forced  into  the  liquor  by  pres- 
sure, and  absorbed  by  it :  but  when  the 
cork  (or  pressure)  is  removed,  some  of 
the  carbonic  acid  flies  oiBF  in  bubbles  or 
effervescence. 

Q.  Why  does  aerated  water  effervesce  when 
ike  CORK  is  removed  ? 

A.  While  the  bottle  remains  cork-' 
edy  carbonic  acid  \^  forced  into  the  water' 
by  pressure,  and  absorbed  by  it :  but, 
when  the  cork  {or  pressure)  is  removed^ 
some  of  the  carbonic  acid  flies  off  iu 
effervescence. 

Q.       Why  does  soda  water  effervesce  T 

A.    In  soda  water  there  is  forced  8 
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times  its  own  bulk  of  carbonic  acid  gas, 
which  makes  its  escape  in  effervescence^ 
as  soon  as  the  cork  is  -removed, 

Q.  Whif  does  GINGER  POP  Jly  about  in  frothy 
when  the  string  of  the  cork  is  cut  ? 

A.  Because  it  contains  carbonic  acid 
gas.  While  the  cork  isfasty  the  carbonic 
acid  is  forced  into  the  liquor;  but  when 
the  pressure  is  removed  the  gas  is  given 
off  in  effenescence. 

N.  B.  All  vinous  fermentation  produces  carbonic  acid. 
Q.       Why  does  bottled  ale  froth  more  than 
DRAUGHT  (de  ? 

A.     Because  the  pressure  is  greater 
in  a  IxMk  than  in  a  tub  which  is  contin- 
ually tapped;   and  effervescence  is  al- 
ways increased  by  pressure, 
^Q.       What  produces  the  proth   of  bottled 

PORTER  ? 

A.  Carbonic  add  generated  by  the 
vinous  fermentation  of  the  porter  :  This 
gas  is  absorbed  by  the  liquor^  so  long  as 
the  bottle  is  well  corked;  but  is  given  off 
in  froth,  when  the  pressure  of  the  cork  is 
removed. 

Q.  What  gives  the  pleasant  acid  taste  to  soda 
watery  ginger  beer,  champagne^  and  cider  ? 

A.  The  presence  of  carbonic  acid^ 
generated  by  fermentation ;  and  liberat- 
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ed  by  effervescence,  when  the  pressure 

of  the, cork  is  removed. 

Q.  Why  does  fresh  spking  water  sparkle, 
token  poured  from  one  vessel  io  another  ? 

A.  Because  fresh  spring  and  pump 
water  contain  carbonic  acid  ;  and  it  is 
the  presence  of  this  gas  which  makes 
the  water  sparkle. 

Mach  of  the  froth  and  bubbling  of  ale,  beer,  water, 
dtc,  when  they  are  "  poured  high,"  is  due  to  simple  me- 
chanicaL  actiou. 

Q.       What  is  the  fermentation  of  beer  and 

WINE  1 

A.     Tlie  escape  of  carbonic  acid,  pro- 
duced by  the  change  of  sugar  into  a/'co-  • 
hd. 

Q.       What  is  al'cosol  ? 

A.    The  spirit  of    beer    and  wine, 
obtained  by  fermentation. 
#k     Q.       Of  what  elehents  is  al'cohol  composed  f* 

A.     Of  carbon,  oxygen,  and  hydrogen. 

Of  Al'cohol,  4  parts  are  carbon,  2  oxygen,  and  6  hydrogen. 
Q.       What  are  the  elements  of  grape  sugar  7 

A,  Carbon,  oxygen,  and  liydrogen, 
all  in  equal  proportions. 

Q.       What  changes  does  sugar  undergo  by 

FERMENTATION  ? 

A.  It  is  fii-st  decomposed,  and  then 
its  elements  re-unite  in  different  propor- 
tions, producing  al'coholy  carbonic  add^ 
and  water. 

!!• 
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Of  SUGAR,  one  portion  is  alcohol ;  and  another  carhonie 
add ;  as  may  be  seen  by  the  folIowiDg  table. 

CaA.   Ozj.   Bt^ 

Eyeryatom^f  anhydrous  sugar  contains     12    12    12 

Two  atoms  of  alcohol  contain  8      4    12 

Four  atoms  of  carbonic  acid  contain  4      8      0 


12    12    12 


N.  B.    "  Ajoliydrous  sngar"  is  sngar  dflried  at  300^. 
Q.      Hffw  does  SUGAR  form  al'cohol.  b^fermm- 
itUian  ? 

A.  Tico-thirds  of  its  carbon  and  one- 
third  of  its  oxyg-en  re-^unite  with  the 
hydrogen,  and  generate  alcohol. 

Q.  How  does  sugar  form  CARBome  acib  by 
ffrmentcUion  ? 

A.  The  remaining  on^-third  of  its 
carbon  and  tivorthirds  of  its  oxygen  re- 
unite, and  generate  carbonic  add, 

Q.  WhcU  BECOMES  of  the  al'cohol  which  is 
thiu  generated  by  fermentation,  ? 

A.  It  mixes  with  the  water^  and 
form^  the  irUoxicating  part  of  beer  and 
wine. 

Q.  Whai  becomes  of  the  carbonic  acid,  which 
is  generated  by  fermentation  ? 

A.     It  makes  its  escape  irUo  tlie  air. 

Q.       Why  is  barley  malted  ? 

A.  Because  germination  is  produced 
by  the  artificial  heat;  and  in  germina- 
tion, the  starch  of  the  grain  is  converted 
into  sugar. 
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Q.      How  is  barley  mailed  f 

A.  It  is  moistened  toith  water ,  and 
heaped  up  ;  by  which  means,  great  heat 
is  produced,  which  makes  the  barley 
sprofut. 

(Bee  *'  qxmtaneous  combustion.") 

Q.  Why  is  not  the  barlet  suffered  to  grow 
as  well  as  sprout  ? 

A.  Because  plants  in  the  germ  con- 
tain more  sugar  than  in  any  other  state : 
as  soon  as  the  germ  puts  forth  shoots,  the 
sugar  of  the  plant  is  consumed,  to  sup- 
port the  shoot. 

Q.  How  is  BARLEY  PREVENTED  from  SHOOT- 
ING in  the  process  of  halting  7 

A.  '  It  is  put  into  a  kiln,  as  soon  as  it 
sprouts ;  and  the  heat  of  the  kiln  checks 
or  destroys  the  young  shoot 

Q.       What  is  YEAarr7 

A.  The  foam  of  beer  (or  of  some 
similar  liquor)  produced  by  fermentation. 

Q.      Why  is  yeast  used  in  brewing  ? 

A.  Because  it  consists  of  a  substance 
called  gluten,  undergoing  putrefaction ; 
in  which  state  it  possesses  the  peculiar 
property  of  exciting  fermeniaiion. 

K  the  gluten  were  not  in  s^  putrefying  state,  it  could 
not  produce  fermentation. 

Q.       What  is  glu'ten  f 

A.    A  tough,  elastic  substance,  com* 
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posed  of  carbon,  oxygen,  hydrogen,  and 
nitrogen. 

Q.      Does  MALT  cerUain gluten ? 

A.  Yes.  The  infusion  of  malt,  called 
"  sweet- wort"  contains  an  abundance  of 
glu'ten ;  and  the  yeast  (which  converts 
its  suga?^  into  alcohol)  converts  this  gbi- 
ten  into  yeast, 

Q.  Why  is  TEAST  needful  in  order  to  make 
maU  into  beer  ? 

A.  Because  the  presence  of  a  putre- 
fying body  containing  nitrogen  is  essen- 
tial, in  order  to  convert  sugar  into  al'- 
cohol. 

Q.       WhU  EFFECT  has  yeasi  wpon  the  sweet*  ^ 

WORT  1 

A.  It  causes  the  sugar  to  be  con- 
verted into  al'cohol  and  carbonic  add; 
and  its  gluten  into  yeast. 

Q.       What  change  is  produced  in  gluten  by  fu* 

TREF ACTION  ? 

A.  Its  elements  are  loosened  from 
their  former  conditions  of  combination^ 
and  re-arranged  (with  the  addition  of 
oxygen  from  the  air)  into  a  new  series. 

Q.  What  is  the  difference  between  fermen- 
tation and  putrefaction  ? 

A.  Fermentation  is  a  change  ef- 
fected in  the  elements  of  a  body  com- 
posed of  carbon,  oxygen,  and  hydrogen, 
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withoiU  nitrogen.  Putrefaction  is  a 
change  effected  in  the  elements  of  a 
body  composed  of  carbon,  oxygen,  hy- 
drogen, and  niitrogen. 

Q.  WhM  NEW  COMPOUNDS  art  produced  by 
the  change  called  fermentation  ? 

A.  Al'cofwl  and  carbonic  add. — The 
alcohol  is  still  further  changed  (unless 
the  process  be  checked)' into  acetic  acid 
or  vinegar. 

Q.  What  new  compounds  are  produced  by  the 
change  called  putrefaction  ? 

•A.  .  The  carbon,  oxygen,  hydrogen, 
and  nitrogen;  of  the  original  substance 
(being  separated  by  decomposition)  re- 
unite in  the  following  manner.  1.  Carboil 
and  oxygen  unite  to  form  carbonic  a^cid. 
2.  Oxygen  and  hydrogen  unite  to  form 
water.  3.  Hydrogen  and  nitrogen  unite 
to  form  animonia.  ' 

Hartshorn  is  a  solution  of  ammonia  in  water. 
N.  B.  When  bodies  containing  sulphur  and  phosphorna 
putrefy,  the  sulphwr  and  phosphorus  unite  with  hydrogen, 
and  form  svZphwretted  and  phosphuretted  hydrogen  gases. 

Q.  What  BECOMES  of  these  several  products  of 
putrefaction  ? 

A.  They  are  all  elastic  bodies,  and 
escape  into  the  air. 

N.  B.  Water  is  elastic  and  gaseous  when  in  the  oondi-> 
tion  of  vapor. 

Q.  What  is  the  cause  of  the  offensive  smell 
which  issues  from  putrtfying 'bodies  f 
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A.     The  evolution  of  ammoma^  or  of 
sulphuretted  and  pfwsphuretted  hydrogen 
gases ;  all  of  which  have  pungent  and 
offensive  odors. 

Q.       Why  do  boiled  eggs  discolor  a  silver 

SPOON  1 

A.  Because  they  contain  a  small 
portion  of  sulphur,  which  unites  with  the 
silver  (for. which  it  has  a  great  affirdty) 
and  tarnishes  it. 

Both  the  white  and  yolk  contain  sulphur — ^the  latter 
more  abundantly. 

Q.  IVhat  causes  the  offensive  smell  of  stalk 
hdird  boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  combin- 
ing with  the  sulphur  and  phosphorus, 
form  sulphuretted  and  phosphuretted  hy- 
drogen; both  of  which  gases  have  an 
offensive  odor. 

Of  an  egg  55  parts  are  carbon,  16  nitrogen,  7  hydrogen, 
and  the  remaining  22  are  oxygen,  phosphorus,  and  sul- 
phur. 

Q.  Why  is  it  not  needfid  to  put  yeast  into 
OR  APE  juice,  in  order  to  produce  fermentation  f 

A.  Because  grape  juice  contains  a 
feufficient  quantity  of  a  nitrogenized 
substance  (Vke  yeast)  to  produce  fermen- 
tation. 

Nitrogenized,  i.  e:,  containing  nitrogen. 

Q.  Why  do  not  grapes  ferment,  while  tkef 
hang  on  the  vine  ? 
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A.  Because  the  water  of  the  juice 
evaporates  through  the  skin,  and  allows 
the  grapes  to  shrivel  and  dry  up,  after 
they  are  ripe. 

Fermentation  cannot  occur  nnless  the  sngar  be  dissolved 
in  a  sufficient  quantity  of  water, 

Q.       What  is  the  froth  or  scum  cf  fermented 

LIQUORS  ? 

A.  Putrefying  glutinous  substances 
(of  a  nature  similar  to  yeast),  which  rise 
to  the  surface  from  their  ligfUness. 

Q.  Whp  is  BEER  FLAT  if  the  cask  be  left  open 
too  long  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas  (produced  by  feftnentation)  is 
suffered  to  escape. 

Q.  Why  are  beer  and  porter  made  stale  hf 
being  exposed  to  the  air  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas  (produced  by  fermentation)  is 
suffered  to  escape. 

Q.  Why  does  beer  turn  flat  if  the  vent  pbo 
be  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas  es- 
capes through  the  vent  hole. 

Q.  Why  win  not  beer  run.  out  of  the  tub  till 
the  VENT  PEG  is  taken  out  f 

A.  Because  the  upward  pressure  of 
the  external  air  (admitted  through  the 
top)  holds  the  liquor  back — not  beingf 
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counterbalanced  by  any  pressure  of  air 
on  the  surface  of  the  hquid. 

The  upward  pressure  of  air  is  illustrated  by  the  follow- 
ing simple  experiment: — Fill  a  wine  glass  with  water; 
cover  the  top  of  the  glass  with  a  piece  of  writing  paper 
tarn  the  glass  upside  down,  and  the  water  will  not  ran 
out.  The  paper  is  used  merely  to  give  the  air  a  medium 
sufficiently  dense  to  act  against.   . 

Q.  Why  does  the  beer  run  freely,  immt- 
dicUdy  the  vent  peg  is  taken  oiU  ? 

A.  Because  air  rushes  immediately 
thivugh  the  vent  hole  at  the  top  of  the  tnh, 
to  counterbalance  the  air  adnmitted  by 
the  tap;  in  consequence  of  which  the 
liquid  escapes  by  its  own  downward 
pressure.       • 

Q.  .  Why  does  liquor  flow  reluctantly  aiU  of  a 
BOTTLE  held  upside  down  ? 

A.  Because  the  upward  pressure  of 
the  air  prevents  the  liquor  from  flowing 
out. 

Q.  Why  should  a  bottle  he  held  obliquely  in 
order  to  he  emptied  of  its  liquor  1 

A.  Because  air  will  then  flmjo  irUo 
the  bottle,  and  help  the  liquor  out,  by 
counterbalancing  the  upward  pressure. 

Q.  Why  does  wine  (poured  from  a  bottle 
quickly)    spirt  about,    withotU   going    into   the 


A.    Because  it  fills  the  top  of  the  de* 
canter  (like  a  cork),  and  leaves  no  room 
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for  the  air  inside  to  escajye  ;  the  decanter, 
therefore,  (being*  fuU  of  air)  refuses  to' 
admit  the  loine. 

Q.  Why  does  the  effervesc ence  ^  soda  water 
wild  ginger  beer  so  soon  go  offl 

A.  Because  the  carbonic  acid,  (which 
produced  the  effervescence)  very  rapidly 
escapes  into  the  air. 

Q.       Why  is  boileb  water  flat  and  insipid  f 

A.  Because  tha  whole  of  the  carbonic 
add  is  expelled  by  boiling,  and  escapes 
into  the  air. 

Q.       Wliy  does  teast  make  bread  light  ? 

A.  Because  it  produces  a  species  of 
fermentation  on  the  starch  and  gluten 
of  flour,  as  it  does  in  the  sugar  of  malt. 

Q.      How  does  fermentation  make  the  dough 

lUSE? 

A.  During  fermentation,  carbonic  acid 
gas  is  evolved;  but  the  sticky  texture  of 
the  dough  will  not  allow  it  to  escape; 
so  ii/orces  up  little  bladders  all  over  the 
dough. 

Q.       Why  is  dough  placed  before  the  fire  ? 

A.  1st — Because  the  heat  of  the  fire 
increases  the  fermentation  ;  and 

2dly — It  eocpands  the  gas,  confined  in 
the  little  bladders;  in  consequence  of 
which,  the  bladders   are  enlarged,  and 
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thrf  dough  becomes  lighter  and  more  po- 
rous. 

Q.  Why  is  bread  heavy,  if  the  dough  be  re- 
moved from  the  fire? 

A.  Because  the  dough  gets  cold,  and 
then  the  air  in  the  bladders  condenses — 
the  paste  falls — and  the  bread  becomes 
close  and  heavy. 

Q.  '     What  causes  the  heat  of  fire  ? 

A.  The  carbon  of  fuel  (when  heated) 
combines  with  the  oxygen  of  the  air^  and 
produces  carbonic  acid  gas :  Again,  the 
hydrogen  of  the  fuel  combining  with 
other  portions  of  oxygen,  condenses  into 
water ;  by  which  chemical  actions  heat 
is  evolved. 

Q.  What  causes  the  KEAT  of  our  own  BOBY  7 
A.  The  carbon  of  our  blood  combines 
with  the  oxygen  of  the  air  inhaled,  and 
produces  ^ .  carbonic  a^id  gas  ;  which 
evolves  heat  in  a  way  similar  to  burn- 
ing fuel. 

.   Q.       Whence  does    the  heat  of  a  dxtnohili. 
arise  ? 

A.  As  the  straw,  &c.,  of  the  dunghUl 
decays,  it  undergoes  ^rmen^a^ion,  which 
produces  carfeomc  CMJid^os;  and  heat  is 
evolved  by  a  species  of  combustion,  (as 
in  the  two  former  cases.) 


LIME — WATER.  259 

Q.  How  doff  the  fornuUum^  carbonic  acid 
(in  all  these  cases)  produce  heat  ? 

A.  Carbonic  acid  has  less'  power  of 
holding  latent  heat  than  cai'hon  and  oxy- 
gen have :  When,  therefore,  these  ele- 
ments are  changed  into  carbonic  acid, 
latent  heat  is  given  off,  and  made  sensible. 

Q.  Why  do  persons  throw  lime  irdo  bins  and 
8EWERS,  to  PREVENT  theit  offensive  smell,  in  sum- 
mer time  ? 

A.  Because  they  contain  large  quan- 
tities of  carbonic  acid  gas,  which  readily 
oombirves  toith  lime  ;  and  producing  "  carr 
bonaie  of  lime^^^  neutralizes  the  offensive 
gases. 

Q.  Why  should  water  (used  for  washing)  be 
exposed  to  the  air  ? 

A.  Because  it  is  made  more  sqfi  by 
exposure  to  the  air. 

Most  spring  water  holds  lime  in  solution  as  a  Hcarhon- 
,  aJte^  in  consequence  of  the  presence  of  abundant  carbonic 
add.    Carbonic  acid  escapes  by  exposure  to  air — and  the 
lime  iSj  consequently,  deposited  as  a  carbonate. 

Q.  Why  is  ha/rd  water  made  more  soft  by 
exposwre  to  air  ?  *  . 

A.  1st— Because  the  mineral  salts 
(which  cause  its  hardness)  subside :  and 

2dly — Because  the  carbonic  acid  of 
the  water  makes  its  escape  into  the  air. 

Q.  Haw  is  the  ca/rhonic  add  of  water  pro* 
duced  ?  . 
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A.  From  t!te  presence  of  lime^  which 
is  frequently  held  in  solution  by  hard 
water :  When  the  carbonic  acid  escapes 
by  exposure  to  the  air,  the  lime  is  depos- 
ited- as  a  carbonate. 

Q.  Why  is  hard  water  more  agreeable  to 
DRINK  than  soft  water  1 

A.  Chiefly  because  it  contains  car- 
bonic acid. 

Q.  Why  is  water  fresh  from  the  pump  more 
SPARKLING,  than  after  it  has  been  drawn  some  time  ? 

A.  Because  water  fresh  from  the 
pump  contains  carbonic  acid,  which  soon 
escapes  into  the  air,  and  leaves  the  wa- 
ter flat  and  stale. 

Q.  Why  is  QUICK-LIME  formed  by  burning 
chaUc  and  marl  in  a  kiln  1 
,  A.  Because  the  carhmic  acid  (which 
rendered  it  mild)  is  driven  off*  by  the 
heat  of  the  kiln :  and  the  lime  becomes 
quick  or  caustic. 

Q.       What  is  mortar  ? 

A.     Quick-lime  mixed  with  sand  and 
water. 

Q.       WTierein  does  lime-stone  difer  in  appear- 
ance  from  quicklime ? 

A.     Lime-stone  is  a  hard,  rocky  sub- 
stance ;  but  duicK-LiME  a  loose  powder. 

Q.       Why  does  mortar  become  hard  after  a  few 
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A.  Because  the  lime  re-vmbibes  from 
the  air  the  carbonic  acid  which  had 
been  eocpelkd  by  fire;  and  the  loose /wuv 
der  again  becomes  as  hard  as  the  origi- 
nal lime-stone. 

Q.      Explain  in  what  way  mortar  is  adhesive. 

A.  When  the  carbonic  acid  is  expel- 
led, the  hard  lime-stone  is  converted  into 
a  loose  potcderj  which  (being  mixed  with 
sand  and  water)  becomes  a  soft  and 
sticky  plaster  ;  but  as  soon  as  it  is  placed 
between  bricks,  it  imbihes  carbonic  aad 
again,  and  hardens  into  lime-stone. 
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CHAPTER  XXII. 

Q.       What  is  choke-damp  ? 

A.  Carbonic  aad  gas  accumulated 
at  the  bottom  of  wells  and  pits.  It  is 
called  CHOKE  damp,  because  it  cliokes  (or 
suffocates)  every  animal  that  attempts  to 
inhale  it.    (.Sfee^.  238.) 

It  suffocates  without  getting;  into  the  UmgSj  by  closing 
the  outer  orifice  spasmodicaUy. 

Q.       What  is  ma/rsh-ga^  or  fire-damp  ? 

A.     Carburetted  hydrogen  gas  accu- 
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mulated  on  marshes,  in  stagnant  waters, 
and  coal-pits  ;  it  is  frequently  called 
"  inflammable  air." 

Q.       What  is  carbu&ettbd  htdrooen  gas  ? 

A.     Carbon  combined  with /tydrogm. 

Q.  Hbto  may  CARBuaETTED  hyprogen  gas 
be  PROCURED  on  marshes  ? 

A.     By  birring  the  mud  at  the  bottom 
of  any  stagnant  pool,  and  collecting  the 
gas  (as  it  escapes  upwards)  in  an  in- 
verted glass  vessel. 
'  Q.       What  is  coal  gas  1 

A.  Cc^buretted  hydrogen  extracted 
from  coals  by  the  heat  ofjire. 

Q.  Why  is  carburetted  hydrogen  gas  called 
FIRE-DAMP  or  inflammable  air  ? 

A-  Because  it  very  readily  catches 
fire  and  explodes^  when  a  light  is  intro- 
duced to  it. 

Provided  atmospheric  air  be  present. 
Q.       Why  is  carburetted  hydrogen  gas  frequenJt- 
ly  called  marsh-gas  ? 

A.  Because  it  is  generated  in  mea- 
dows  and  marshes  from  putrefying  vege- 
table substances. 

See  ignis  fataus,  p.  266. 

Q.  What  gas  is  evolved  by  the  wick  ef  a 
burning  candle  ? 

A.  Carburetted  hydrogen  ffos :  The 
carbon  and  hydrogen  of  the  tallow  cwir 
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bine  into  a  gas  from  the  heat  of  the 
flame ;  and  this  gas  is  called  carbureiied 
hydrogen  or  inflammable  air. 

Q.    «  Why  do    COAL-MINES  SO  faequerUly   ex-  ' 

PLODE  ? 

A.  Because  the  carhuretted  hydrogen 
gas  (which  is  generatejj  in  these  nunes 
by  the  coals)  explodes,  ^hen  a  light  is 
incautiously  introduced. 

Q.  How  can  miners  see  in  the  coal-pUs  if 
they  may  Tiever  iniroduce  a  light  ? 

A.  Sir  "Humphrey  Davy  invented  a 
lantern  for  the  use  of  miners,  called  "  the 
Safety  Lamp,"  which  may  be  used  with- 
out danger. 

<).         Who  was  ^IK   HUMPHRET  Davt? 

A.  A  very  clever  chemist,  born  in 
Cornwall,  1778,  and  died  in  1829. 

Q.       WTuU  kind  of  thing  is  the  safety-lamp? 

A.  A  kind  of  lantern,  covered  with  a 
jine  gauze  vnre,  instead  of  glass  or  horn. 

Q.  How  does  this  fine  gauze  wire  prevent  an 
EXPLOSION  in  the  coal-mine  ? 

A.  By  preventing  the  flame  of  the 
lamp  from  communicating  with  the  in- 
flammable gas  of  the  mine. 

N.  B.    The  interstices  of  the  gauze  wire  mnst  not  ex- 
ceed the  7th  of  an  inch  in  diameter. 

Q.  Why  vM  not  flame  pass  through  ver^ 
fine  vfire  OAXJZB^* 
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A.  Because  the  metal  wire  is  a  very 
rapid  conductor  of  heat ;  and  when  the 
flame  (of  g-as  burning  in  the  lamp)  reach- 
es the  wire  g-auze,  so  much  heal  is  con- 
ducted aivay  by  the  idre,  that  the  flame  is 
extinguished. 

Q.  Does  the  gas  of  the  coal-pit  get  through 
the  wire  gauze  into  the  lantern  ? 

A.  '  Yes ;  and  the  inflammable  gas 
ignites,  and  burns  inside  the  lamp :  As 
soon  as  this  is  the  case,  the  miner  is  in- 
danger,  and  should  withdraw. 

Q.  Why  is  the  miner  in  danger  if  the  gas  ig- 
nites and  burns  in  the  inside  of  the  safety  lamp  ? 

A.  Because  the  heat  of  the  burning 
gas  will  ^oow  destroy  the  wire  gauze;  and 
then  the  flame  (being  free)  will  set  fire 
to  the  mine. 

N.  B.  When  the  carburetted  hydrogen  gas  takes  fire 
from  the  miner's  candle,  the  miner  sometimes  perishes  in 
the  blcLstoftheJlame,  and  sometimes  suffers  suffocaMoJi  from 
the  carbonic  acid  which  is  thus  produced. 
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PHOSFHURETTED   HTDROGEXT 
GAa 

CHAPTER  XXIII. 

Q.  From  what  do  the  very  offensive  efflu- 
via of  CHURCH- YARDS  arise  1 

A.  From  a  gas  called  phosphuret- 
TED  HYDROGEN  ;  which  IS  ftiospluyrus 
combined  with  hydrogen  gas. 

Q.*      What  is  phosphorus  ? 

A.  A  pale  amber-colored  substance, 
resembling*  wax  in  appearance.  The 
word  is  derived  from  two  Greek  words, 
which  mean  "  to  produce  or  carry  light.^'* 

Q.        How  is  PHOSPHGRCS   OBTAINED  ? 

A.  By  heating  bones  to  a  white 
heat ;  by  which  means,  the  animal  mat- 
ter and  charcoal  are  consumed,  and  a 
substance  called  ^^  phosphate  of  lime^^  is 
left  behind. 

Q.       What  is  the  phosphate  of  lime  ? 

A.  Phosphorus  united  to  oxygen  and 
lime ;  when  sulphuric  acid  is  added,  and 
the  mixture  heated,  the  lime  is  attracted 
to  the  acid,  and  puve  phosphorus  remains. 

If  powdered  charcoal  be  added,  phosphorus  may  be 
procured  by  distillation. 

Q.  Cf  what  is  the  ignitible  part  of  lucifee 
matches  made  ? 

12 
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A.  Of  phosphorus  :  and  above  250 
thousand  lbs.  are  used  every  year  in 
London  alone,  merely  for  the  manufac- 
ture of  lucifer  matches. 

Q.  Why  does  a  putrefying  dead  body 
SMELL  so  offensively  ? 

A.  because  phosphuretted  hydrogen 
gas  always  rises  from  putrefying  animal 
substances. 

The  escape  of  ammonia  and  sulphuretted  hydrogen  con- 
tributes also  to  this  offensive  effluyia. 

Q.  What  is  the  cause  of  the  ignis  fatuus, 
Jack  d Lantern^  or  WUl  oHhe  Wisp? 

A.  This  luminous  appearance  (which 
haunts  meadows,  bog-s,  and  marshes) 
arises  from  the  gas  of  putrefying  anirrud 
and  vegetable  suhstances  ;  especially  from 
decaying  fish. 

Q.  What  gases  arise  from  4hese  putrefying 
svhstances  ?  • 

A.     Plwsphuretted  hydrogen  from  pu- 
trefying anhnal  substances :  and 
^'    Carburetted  hydrogen^  from  decaying 
vegetable  matters.     {See  p.  262.) 

Q.  How  is  the  gas  of  the  ignis  fatuus  ignited 
on  bogs  and  meadows  ? 

A.  Impure  phosphuretted  hydrogen 
bursts  spontaneously  into  flame,  whenever 
it  mixes  with  air  oy  pure  oxygen  gas. 

Pure  phosphuretted  hydrogen  will  not  ignite  spontane- 
ously—this spontaneous  ignition  is  due  to  the  presence  of 


IGNIS    FATUUS.  267 

a  small  quantity  of  the  vapor  of  an  exceedingly  volatile  li- 
quid-compound of  phosphorus  with  hydrogen,  which  is 
occasionally  produced  with  the  gas  itself 

If  phosphorus  be  boiled  with  milk  of  lime,  and  the  beak 
of  the  retort  be  placed  under  water,  bubbles  of  phosphuret- 
ted  hydrogen  will  rise  successively  through  the  water  and 
(on  reaching  the  surface)  burst  into  flame.  ' 

Q.  Why  does  an  ig^ais  fatuus  (yr  Will  oHhe 
Wisp  TLYfrom  us  when  we  kun  to  meet  it  ? 

A.  Because  we  produce  a  current  of 
air  in  front  of  ourselves,  (when  we  run 
towards  the  ignis  fatuus)  which  drives  the 
light  gas  forwards, 

Q.  Why  does  an  ignis  fatutis  run  after  uf 
when  we  ThEBfrom  it  in  a  fright  ? 

A.     Because  we  produce  a  current  of 

,air  in  the  way  we  run,  which  attracts  the 

light  gas  in  the  same  course  ;  drawing  it 

after  us  as  we  run  SLwayfivm  it. 

Q.  Is  not  a  kind  of  Jack  o^  Lantern  sometimes 
prodiiced  by  an  insect  ? 

A.  Yes;  swarms  of  luminous  insects 
sometimes  pass  over  a  meadow,  and 
produce  an  appearance  similar  to  the 
Ignis  fatuus. 

Q.  May  not  many  ghost  stories  have  arisen 
from  some  ignis  fatuus  lurking  aboiU  church-yards  f 

A.  Perhaps  all  the  ghost  stories 
(which  desei-ve  any  credit  at  all)  have 
arisen  from  the  ignited  gas  of  church- 
yards, lurking  about  the  tombs ;  to  which 
fear  has  added  its  own  creations. 
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WIND. 

CHAPTER  XXIV. 

Q.       What  is  WIND  ? 

A.     Wind  is  air  in  motion. 

Q.  What  PUTS  the  air  in  motion,  so  as  to  prO' 
duce  WIND  ? 

A.  The  principal  causes  are  the 
variations  of  heat  and  cold,  produced  by 
the  succession  of  rfay  and  night,  and  of 
the  Jbur  seasons. 

Q.       What  effect  has  heat  wpoTi,  the  air  ? 

A.  Heat  rarejies  tKe  air  and  causes  it 
to  expand. 

Q.      How  do  you  know  that  heat  causes  the  air 

to  EXPAND  ? 

A.  Thus,  if  a  bladder  half  full  of  air 
(tied  tight  round  the  neck)  be  laid  before 
eifre,  the  air  will  expand  by  the  heat, 
and  fill  the  bladder. 

Q.   ^   What  EFFECT  is  produced  wpon  air  by 

RAREFACTION  ? 

A.  It  is  made  ligliter  and  ascends 
through  colder  strata  ;  as  a  cork  (put  at 
the  bottom  of  a  basin  of  water)  rises  to 
the  surface. 

Q.       Prove  that  rarefied  air  ascends. 
A.     When  a  boy  sets  fire  to  the  cotton 
or  spong-e  of  his  balloon,  the  flame  heats 
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ihe  air  ;  which  becomes  so  lights  that  it 
ascends,  and  carries  ilie  balloon  loith  it. 

Q.       JVhat  effect  is  prodticed  upon  air  bp  cpLD  ? 

A.  It  is  condensed,  or  squeezed  into 
a  smaller  compass :  in  consequence  of 
which,  it  becomes  heavier,  and  descends 
towards  the  ground., 

Q.      Prove  that  air  is  condemed  by  cold. 

A.  Lay  a  bladder  half  full,  of  air 
before  a  fire,  till  it  has  become  fully 
inflated  ;  if  it  be  now  removed  from  the 
fire,  the  bladder  will  collapse  again,  be- 
cause the  air  condenses  into  its  former 
bulk. 

Q.  Wha4  is  meajU  by  ihe  bladder  "  collafs- 
mo?" 

A.     The     skin     becoming*    tvrinJdedy 
shrivelled,  and  flabby;  because •  there  is 
not  sufficient  air  inside  to  flll  it. 
'  Q.       How  do  you,  know  that  condensed  air 

Vnll  DESCEND  1 

A.  Because  a  fire  balloon /o/fe  to  the 
earth,  so  soon  as  the  spirit  in  the  cotton 
is  burnt  out,  and  the  air  of  the  balloon 
has  become  cold  again. 

Q.      Does  the  sun  heat  the  aie  as  it  does  the 

EARTH? 

A.     No;  the  air  is  not  hsated  by  the. 
rays  of  the  sun  ;  because  air  (like  water) 
is  a  very  bad  conductor. 
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Q.      How  is  the  air  heated  ? 

A.  By  convection,  thu^  : — The  sun 
heats  the  earth,  and  the  earth  heats  the 
air  jesting  upon  it ;  the  air  thus  heated 
rises,  and  is  succeeded  by  other  air,  which 
is  heated  in  a  similar  way ;  till  the  whole 
volume  is  loarmed  by  "  convective  cur- 
rents." 

Q.  JVhat  is  meant  by  "convective  currents" 
of  hot  air? 

A.  Streams  of  air  heated  by  the 
earth,  which  rise  upwards,  and  carry 
heat  icith  them.     (See  p.  226.) 

Q.  Is  the  air  in  a  room  in  perpetual  motion  as 
the  air  abroad  is  ? 

A.  Yes;  there  are  always  two  cur- 
rents ofhir  in  the  room  we  occupy;  one 
of  Iiot  air  flowing  out  of  the  room,  and 
another  of  cold  air  flowing  into  the  room. 

Q.  How  do  2/ou  KNOW  that  there  are  these  two 
currents  of  air  in  every  occupied  room  ? 

A.  If  I  hold  a  lighted  candle  near 
the  crevice  at  the  top  of  t/ie  door,  the 
flame  will  be  blown  outward  (towards 
the  hall) ;  but  if  I  hold  the  candle  at  the 
bottom  of  tfie  door,  the  flame  will  be 
blown  inwards  (into  the  room), 

N.  B.  This  is  not  the  case  if  afire  be  in  the  room.  When 
a  fire  is  lighted,  an  inward  current  is  drawn  through  aU 
the  crevices. 

Q.       Why  would  the  flame  be  blown  otttwaiiP? 
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{towards  the  hall),  if  a  candle  be  held  at  the  top  cf 
the  door  ? 

A.  Because  the  air  of  the  room  being 
heated,  &c.,  ascends  ;  and  (floating  about 
the  upper  part  of  the  room)  some  of  it 
escapes  through  t/ie  crevice  at  the  top  of 
the  dooTj  producing  a  current  of  air  ou/- 
wards  (into  the  hall), 

Q.  Whjf  would  the  flame  be  blown  inwari>8 
{into  the  room),  if  the  caiMe  be  held  at  the  bottom 
of  the  door  ? 

A.  Because  a  partial  vacuum  is  made 
at  the  bottom  of  the  room,  as  soon  as  the 
warm  air  of  the  room  has  ascended  to 
the  ceiling,  or  made  its  escape  from  the 
room :  and  cold  air  from  the  hall  rushes 
und&r  the  door,  to  supply  the  void. 

Q.  What  is  meant  by*a  ^^  partial  vacuum  dc- 
ing  made  at  the  bottom  of  the  room  ?" 

A.  A  vacuum  means  a  place  from 
which  the  air  has  been  taken:  and  a 
"partial  vacuum"  means  a  place  from 
•which  a  part  of  the  air  has  been  taken 
away.  Thus,  when  the  air  on  the  floor 
ascends  to  the  ceiling,  a  partial  vacuum 
is  made  on  the  ^oor. 

Q.      And  how  is  the  VActufufiUtd  up  again  ? 

A.  It  is  filled  up  by  colder  air,  which 
rushes  (under  the  door,  and  through  the 
vnndow  crevices)  into  the  room. 
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Q.       Give  me  an  illustration. 

A.  If  I  dip  a  pail  into  a  pond  and 
fill  it  with  water,  a  hole  (or  vacuum)  is 
made  in  the  pond  as  big  as  tfie  pail ;  but 
the  moment  I  draw  the  jjail  out^  the  hole 
i&JUled  up  by  the  water  around. 

Q.      Skow  how  this  iUustratioTi  applies. 

A.  The  heated  air,  which  ascends 
from  the  bottom  of  a  room,  i^  as  much 
taken  away  as  the  water  in  the  pail; 
and  (as  the  void  was  instantly  supplied 
by  other  water  in  tlie  pond)  so  the  void  of 
air  is  supplied  by  the  air  around. 

Q.       What  is  the  cause  of  wind  ? 

A.  The  sun  heats  the  earth,  and  the 
earth  heats  the  air  resting  upon  it ;  as 
the  warm  air  asoands,  the  void  is  filled 
up  by  a  rush  of  cold  air  to  the  place ;  and 
this  rush  of  air  we  call  wind. 

Q.      Does  the  wind  always  blow  ? 

A.  Yes ;  there  is  always  some  motion 
in  the  air ;  but  the  violence  of  the  motion 
is  perpetually  varying*. 

Q.      Does  the  rotation  of  the  earth  upon  its  axis 
'  affect  the  motion  of  the  air  ? 

A.  Yes,  in  two  ways.  1st — ^As  the 
earth  moves  round  its  axis,  the  thin 
moveable  air  is  left  somewhat  behind; 
and,  therefore,  seems  (to  a   stationary 
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object)  to  be  blowing  in  the  opposite  di- 
rection to  the  earth's  motion :  and 

2dly — As  the  earth  revolves,  different 
portions  of  its  surface  are  continually 
passing  under  the  vertical  rays  of  the 
sun. 

Q.  When  art  the  rays  cfthe  mn  called  "  ver- 
tical RAYS?" 

A.  When  the  sun  is  in  a  direct  line 
above  any  place,  his  rays  are  said  to  be 
"  vertical  "  to  that  place. 

Q.  Illustrate  the  manner  in  which  the  earth^s 
twrface  passes  under  the  vertical  sun. 

A.  Suppose  the  brass  meridian  of  a 
globe  to  represent  the  vertical  rays  of 
the  sun ;  as  you  turn  the  globe  round, 
different  parts  of  it  will  pass  under  the 
brass  rim,  in  constant  succession., 

Q.       Why  is  it  noon-day  to  the  place  over  which 

the  SU|J  is  VERTICAI^  ? 

A.  Because  the  sun  is  half-way  be- 
tween rising  and  setting  to  that  place. 

Q.  Show  how  this  rotation  of  the  earth  affectt- 
the  AIR. 

A.  If  we  suppose  the  brass  meridian 
to  be  the  vertical  sun,  the  whole  column 
of  air  beneath  will  be  heated  by  the  noon- 
day  rays ;  that  part  which  the  sun  has 
fe/Jf,  will  become  gradually  cgld^r  and 
adder;  and  that  part  to  which  the  sun. 

12* 
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is  approaching^   will    grow    constantly. 
warmer  and  warmer, 

Q.  Then  there  are  three  qualities  of  air  ah<nU 
this  spot  ? 

A.  Yes ;  the  air  over  the  place,  which 
\iB.s  passed  the  meridian,  is  cooling ;  the 
air  under  the  vertical  sun  is  the  IwUest ; 
and  the  air,  which  is  over  the  place  about 
to  pass  under  the  meridian,  is  increasing 
in  heat. 

See  fig.  on  next  page.  The  column  A  (which  the  sun 
has  passed)  is  cooling— B  i&  under  the  vertical  sun ;  and 
C  is  increasing  in  heat. 

Q.  How  does  this  variety  in  the  heat  of  air 
produce  wind  ? 

A.  The  air  always  seeks  to  preserve 
an  equilibrium ;  so  cold  air  rushes  into 
the  void  made  by  the  upward  current  of 
the  warm  air, 

.Q.  Why  does  not  the  wind  always  blow 
ONE  way ^  following  the  direction  of  the  sun  1    • 

A.  Because  the  direction  of  the  wind 
is  subject  to  perpetual  interruptions  from 
hills^  and  vaileys,  deserts,  seas,  &c. 

Q.  How  can  hills  and  mountains  alter  the 
iourse  of  the  wind  ? 

A.  Suppose  a  wind  (blowing*  from 
the  fttorth)  comes  to  a  mountain ;  as  it 
cannot  pass  through  it,  it  must  either 
rush  back  again,  ovjly  off  at  one  side,  (as 
a  marble,  when  it  strikes  against  a  wcUl.) 
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Q.  Do  MOUNTAINS  affect  the  wind  in  any  other 
way? 

A.  Yes ;  many  mountains  are  capped 
with  snaWy  and  the  warm  air  is  catidensedy 
when  it  comes  in  contact  with  them  ;  but 
GO  soon  as  the  temperature  of  the  wind  is 
changed,  ijs  direction  may  be  changed 
also.    (See  Fig.) 


Suppose  ABC  to  be  three  columns  of  air.  A,  the  col- 
mnn  of  ^ir  which  is  cooling  dovm ;  B,  the  column  to  which 
the  sun  is  vertical;  and  0  the  column  which  is  to  be  heated 
'next.  In  this  case  the  cold  air  of  A  will  rush  towards  B  C ; 
because  the  air  of  B  and  0  is  hotter  than  A.  But  suppose 
now  0  to  be  a  snow-cofped  mountain :  As  the  hot  air  of  B 
reaches  C,  it  is  chilled;  and  (being  now  colder  than  the  air 
behind)  it  rushes  b€ick  again  towards  A,  instead  of  follow- 
ing the  sun.    .  , 

Q.  How  can  the  ocean  (iffed  the  direction  (f 
the  WIND  ? 

A.  When  the  ocean  rolls  beneath  the 
vertical  sun,  the  water  is  not  made  so  hot 
as  the  land;  in  consequence  of  which, 
the  general  direction  of  the  wind  is  di- 
rected from  tracts  o(  ocean  towards  tracts 
oiland. 

Q.       Why  is  Tiot  the  water  cfthe  sea  made  » 
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HOT,   hy   the  vertical  sun,   as  the  surface  of  the 

LAND  ? 

A.  1st — Because  the  evaporation  of 
the  sea  is  greater  than  that  of  the  land : 

2dly — The  constant  motion  of  the 
water  prevents  the  increase  of  tempera- 
tui'e  at  the  surface  :  and 

3dly — The  rays  of  the  sun  strike  into 
the  water ;  in  consequence  of  which  the 
immediate  surface  is  much  less  affected. 

Q.  Why  does  the  evaporation  of  the  sea  pre- 
vent its  surface  from  being  heated  by  the  vertical 
sun? 

A.  Because  its  heat  is  absorbed  in  the 
generation  of  vapor  and  carried  off  into 
the  air. 

Q.  Why  does  the  motion  of  the  sea  preverU  its 
surface  from  being  heated  by  the  vertical  sun  ? 

A.  Because  each  portion  rolls  away^ 
as  soon  as  it  becomes  heated,  and  is 
succeeded  by  another ;  and  this  constant 
motion  prevents  the  surface  of  the  sea 
from  being  more  heated  than  Ihe  water 
below  the  surface. 

Q.      Do  clouds  affect  the  wind  ? 

A.  Yes.  As  passing  clouds  screen 
the  direct  heat  of  the  sun  from  the  earth, 
they  diminish  the  rarefaction  of  the  air 
oho;  and  this  is  another  cause  why  nei* 
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ther  the   strength  nor  direction  of  the 
wind  is  uniform, 

Q.  Would  the  wind  blow  regularly  from  east 
to  westy  if  these  obstructions  were  removed  ? 

A.  Without  doubt.  If  the  whole 
earth  were  covered  with  loatei'  the  winds 
would  always  foUow  tlie  suriy  and  blow 
uniformly  in  one  direction. 

Q.      Do  vnnds  ever  blow  regularly? 

A.  Yes :  in  those  parts  of  the  world, 
which  present  a  large  surface  of  water, 
as  in  the  Atlantic  and  Pacific  Oceans. 

Q.  WTiat  are  the  winds^  which  blow  over  the 
Atlantic  and  Pacific  Oceans,  called  ? 

A.     They  are  called  "  Trade  Winds." 

Q.       Why  are  they  called  "  trade  winds." 

A.     Because  they  are  very  convenient 

to  merchants,  who   have    to  cross  the 

ocean,  inasmuch  as  they  always  blow 

in  one  direction. 

Q.  In  what  direction  do  the  trade  winds 
blow? 

A.  That  in  the  northern  hemisphere 
blows  from  the  north-east;  that  in  the 
sofvUheiifi  hemisphere  from  the  south-east. 

Q.  Why  do  they  not  blow  from  the  full 
north  and  south  1 

A.  Because  currents  of  air  flowing 
from  the  poles,  give  them  an  easterly  di- 
rection. 
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This  effect  is  due  in  some  measure  to  the  rotation  of  the 
earth  on  its  axis. 

Q.  WheU  is  the  cause  of  these  currents  cf  air 
from  the  poles  to  the  equator  ? 

A.  The  air  about  the  equator  con- 
stantly ascends,  in  consequence  of  being 
rarefied  by  the  heat  of  the  sun  :  as  the 
hot  equatorial  air  ascends,  cold  air  from 
the  north  and  south  flows  towards  the 
equator^  to  restore  the  equilibrium. 

Q.  Is  there  an  upper  as  well  as  a  lower 
CURRENT  in  the  atmosphere  T 

A.  Yes ;  the  upper  current  of  rare- 
fied air  is  from  the  equator  to  the  poles ; 
where  it  is  condensed — and  then  returns 
again  to  the  equator,  forming  the  loiver 
current. 

Q.  These  LOWER  currents  {from  the  poles  to 
the  equaior)  ha/ve  an  easterly  tendency.  ExpUdn 
the  cause  of  this* 

A.  All  the  atmosphere  revolves  unth 
the  earth ;  but  when  a  current  of  air  from 
the  poles  flows  towards  the  equator,  it 
comes  to  a  part  of  the  earth's  surface 
which  is  moYitig  J'oBter  than  itself;  in 
consequence  of  which  it  is  left  behind^ 
and  thus  produces  the  effect  of  a  current 
moving  in  the  opposite  direction, 

Thus,  to  a  person  in  a  carriage,  the  hedges  and  trees 
seem  to  be  running  in  an  opposite  direction. 
As  the  circumference  of  the  earth  at  the  eq^uator  U 
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much  larger  than  the  circumference  of  the  earth  at  the 
poles,  therefore  every  spot  of  the  e&rih.' a  eqiiatorial  surface 
must  move  much,  faster  than  the  corresponding  one  at  the 
poles. 

N.  B.  As  the  earth  revolves  on  its  axis  from  west  to 
east,  therefore  the  air  which  is  carried  with  it  will  seem 
to  blow /r<7m  the  west :  As,  however,  the  current  of  air  from 
the  poles  seems  to  blow  in  the  opposite  direction,  it  will 
seem  to  blow  from  the  east  (or  to  be  an  easterly  wind). 

Q.  By  what  means  are  the  north-east  and 
south-east  trade  winds  produced  ? 

A.  By  a  combination  of  the  two  mo- 
tions of  the  polar  currents :  which  pro- 
duces the  intermediate  directions  of  the 
north-east  andk  south-east. 

Q.      Are  both  these  motums  ofthepdar  eurrerUs 

REAL? 

A.  No.  The  motion  from  the  east 
to  west  is  only  apparent.  As  the  earth 
revolves  from  west  to  east,  the  air  carried 
With  it  will  be  a  west  wind ;  but  the  polar 
currents  seem  to  blow  in  the  opposite 
direction^  merely  because  they  have  not 
acquired  the  same  velocity, 

Q.  Do  trade  vnnds  blow  from  the  north-east 
amd  south-east  all  the  tear  round  ? 

A.  Yes,  in  the  open  sea;  that  is,  in 
the  Atlantic  and  Pacific  Oceans,  for  about 
30^  each  side  of  the  equator. 

Q.  What  do  the  north-easterly  and  south-east* 
erly  trade  winds  produce  when  they  meet  neao'  the 
equator? 

A.     A  region  of  cairns,  in  which  thick 
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foggy  air  prevails,  with  sudden  showers 
and  thunder-storms. 

Q.      1$  this  region  of  calms  fixed  in  its  position  ? 

A.  No ;  it  shifts  its  place  according 
to  the  sun's  distance,  and  position  in 
regard  to  the  equator :  being  sometimes 
entirely  to  the  north  of  the  equator,  and 
occasioiially  reaching  as  far  as  2°  south 
of  it. 

Q.  Do  the  TRADE  WINDS  blow  uniformly  from 
north-east  and  south-east  in  the  Indian  Ocean  ? 

A.  No ;'  nor  yet  in  those  parts  of  the 
Atlantic  and  Pacific  which  verge  on  the 
continents, 

Q.  How  do  the  trade  winds  in  the  Indian 
Ocean  blow  ? 

A.  From  April  to  October  a  sauthr- 
west  wind  prevails ;  but  from  October  to 
April,  a  north-east. 

Q.  Wha^  are  these  'periodical  currents  of  air 
(which  affect  the  neighborhood  of  the  Arabian^  Inr 
dian,  and  Chinese  Seas)  called? 

A.    tThey  are  called  monsoons. 

Q.  How  far  do  the  limits  of  the  monsoons  «a> 
tend? 

A.  They  extend  from  the  African 
shore  to  the  longitude  of  New  Guinea ; 
and.  are  felt  northward  as  far  as  the 
parallel  of  latitude,  which  crosses  the 
Loochoo  Isles. 
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The  Loochoo  Isles  are  about  24^  north  latitude,  and 
130*"  east  longitude. 

Q.  Why  do  not  the  trade  imnds  in  the  Indian 
Ocean  blow  south-west  from  April  to  October  ? 

A.  Because  the  air  of  Arabia,  Persia, 
India,  and  Cliina,  is  so  rarefied  by  the 
enormous  heat  of  their  summer  sun, 
that  the  cold  air  from  the  south  rushes 
towards  these  nations,  across  the  equator^ 
(during  these  six  monthsy)  and  produces 
a  souTH-wEST  wind. 

Q.  To  what  distance  does  this  south-west 
toind  prevail  ?    . 

A.  From  3°  south  of  the  equator,  to 
the  shores  of  the  Arabian,  Indian,  and 
Chinese  Seas. 

Q.  Why  do  the  trade  winds  {in  the  Indian 
Ocean)  blow  norih-east  from  October  to  April? 

A.  Because  the  southern  part  of  the 
torrid  zone  is  most  heated,  when  the  sun 
has  left  the  rwrthem  side  of  the  equator 
for  the  southern :  and  the  cold  air  from 
the  north  (rushing  towards  the  southern 
tropic)  is  diverted  into  the  direction  of 
NORTH-EAST,  wherc  it  continues  for  the 
other  six  months  of  the  year. 

Q.  Are  the  monsoons  as  powerful  as  the 
trade  mnds  f 

A.  They'  are  far  inore  so,  and  very 
often  amount  to  violent  gales. 
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Q.       Why  are  the  monsoons  fnore  useful  to  the 

mariner  than  the  fixed  trade  winds  ? 

A.  Because  the  mariner  is  able  to 
avail  himself  of  these  periodic  changes, 
to  go  in  one  direction  during  one  half  of 
the  year,  and  to  return  in  the  opposite  di- 
rection during  the  other  half. 

Q.      How  is  the  change  of  the  monsoons  marked? 

A.  By  an  interval  of  alternating  calms 
and  storms. 

Q.  When  are  the  winds  at  the  North  general- 
ly the  HIGHEST  ? 

A.  The  winds  in  December  and  Jan- 
uary are  generally  the  highest.  Those 
in  February  and  November  the  next; 
and  those  in  August  and  September  are 
the  Ita^t  boisterous. 

Q.  Why  are  the  winds  aJt  the  North  generally 
HIGHEST  in  December  and  January  ? 

A.  Because  the  sun  is  furthest  south 
in  those  months;  and  (as  the  heat  in 
these  northern  regions  rapidly  decreases) 
the  contrast  between  our  temperature 
and  that  of  the  torrid  zone  is  greater  in 
December  and  January,  than  in  any 
other  two  months  throughout  the  year, 

Q.  Why  does  this  contrast  (f  heat  increase 
the  violence  of  the  wind  ? 

A.  Because  the  air  always  seeks  to 
preserve  an  equilibrium;  -therefore  the 
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greater  the  contrast,  the  more  violent 
will  be  the  rush  of  air  to  equalize  the 
two  volumes. 

Q.  Why  are  the  vnnds  at  the  North  generaMy 
most  PLACID  during  the  morUhs  of  September  and 
August  1 

A.  Because  August  and  September 
are  the  warmest  months^  when  we  ap- 
proach nearest  to  the  heat  of  the  torrid 
zone ;  therefore  the  air  (to  and  from  the 
equator)  nwces  with  less  velocity  in  our 
northern  hemisphere  in  those  two  months 
than  in  any  other. 

Q.  Show  the  GOODNESS  and  wisdom  of  God  in 
this  amstarU  tendency  of  air  to  equilibrium, 

A.  If  the  torrid  zone  were  not  tem- 
pered by  cold  air  fronir  the  polar  regions, 
it  would  become  so  hot,  that  no  human 
being  could  endure  it.  If  (on  the  other 
hand)  the"  polar  regions  were  never 
warmed  by  hot  air  from  the  torrid  zone, 
they  would  soon  become  insuff&'obly 
cold.  » 

Q.  In  what  other  way  does  the  mingling  of 
the  polar  and  equatorial  atmosphere  act  beneficial- 
ly? 

A.  In  the  equatorial  regions,  the 
great  abundance  of  vegetable  life  is  pro- 
uuctive  of  a  very  large  amount  of  oxy- 
gen :  In  the  colckr  regions,  artificial  ^res 
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and  dense  masses  of  animal  life,  produce 
large  quantities  of  carbonic  a^cid:  The 
mingling  of  the  polar  and  equatorial 
atmosphere  assists  in  supplying  each  of 
these  regions  with  the  very  gas  in  which 
it  would  be  otherwise  defective. 

Q.  How  does  the  mingling  of  the  polar  and 
EQUAToaiAL  atmosphere  serve  to  supply  each  region 
with  the  GAS  it  most  requires  ? 

A.  The  plants  of  the  EauATORiAL  re- 
gions require  carbonic  acid; — The  ani- 
mals of  the  COLDER  regions  require 
oxygen  : — The  currents  of  air  from  the 
Poks  carry  carbonic  acid  to  the  equato- 
rial plants ;  and  the  currents  of  air  from 
the  Eipiotor  carry  oxygen  to  the  animak 
which  abound  nearer  the  poles, 

Q.  Why  are  east  winds  ip,  Europe,  and 
WEST  WINDS  in  the  TJnitkd  States,  generally  dry  % 

A-  Because  they  come  over  va^it  con^ 
tinents,  and  therefore  absorb  very  little 
water;  and  being  thirsty,  they  readily 
imbibe  moisture  from  the  air  and  clouds, 
and  therefore  bring  diy  weather, 

Q.       Why  is  the  north  wind  generally  cold  1 

A.  Because  it  comes  from  the  polar 
regions,  over  mountains  of  snow  and 
seas  of  ice. 

Q.  Why  are  north  winds  generally  dry  and 
biting  ? 
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A.  Because  they  come  from  colder 
regions,  and  being  warmed  by  the  heal 
of  our  climate,  absorb  moisture  from 
every  thing  they  touch ;  in  consequence 
of  which,  they  are  both  dry  and  parchr 
inff. 

Q.       Why  me  south  winds  generally  warm  ? 

A.  Because  they  come  from  the  tor- 
rid zone,  where  they  are  much  heated. 

Q.       Why  do  south  winds  often  bring  rain  ? 

A.  Because,  coming  from  the  torrid 
zone,  they  are  much  heated^  and  imbibe 
water  vefy  plentifully^  as  they  pass  over 
the  Ocean. 

Q.  How  does  this  account  for  the  rainy  cha* 
racter  o/* south  winds? 

A.  As  soon  as  they  reach  a  cold  cli- 
mate tliey  are  condensedy  and  can  no 
longer  hold  all  their  vapor  in  suspen- 
sion ;  in  consequence  of  which,  some  of 
it  is  deposited  as  rain. 

Q.  Why  are  "west  winds  in  Europe,  and 
EAST  wends  in  the  United  States,  generally  rainy  ? 

A.  Because  they  come  over  the 
Atlantic  Ocean,  and  are  laden  with 
vapor ;  if,  therefore,  they  meet  with  the 
least  ddU,  some  of  the  vapor  is  deposited 
as  rain. 

Q.  Why  is  a  fine  clear  day  sometimes  oveet 
cast  in  a  few  minutes  ? 


286  viiTD. 

A.    Because  some  sudden  change  of 
temperature  has  condensed  the  vapor  of ' 
the  air  into  clouds. 

Q.  Why  are  clouds  sometimes  dissipated  very 
suddenly? 

A.  Because  some  dry  loind  (blowing 
over  the  clouds)  imhibes  their  moisture, 
and  carries  it  off  in  invisible  vapor. 

Q.       Why  do  south-east  winds  bring  us  rain  ? 

A.  Because  they  come  from  the  tor- 
rid zone,  and  get  laden  with  vapor  in 
their  transit  across  the  ocean.  But  when 
they^reach  our  colder  climate,  (being 
condensed  by  the  chill)  some  of  the  va- 
por is  precipitated  in  rain. 

Q.       Why  do  north-west  winds  rarely  bring 

RAIN? 

A.  Because  they  come  from  a  climate 
colder  than  our  own,  and  their  capacity 
for  imbibing  vapor  is  increased,  when 
they  reach  a  warmer  climate  ;  in  conse- 
quence of  which,  north-west  winds  dry 
tfie  air,  dispel  the  clouds,  and  promote 
evaporation.  . 

Q.  Why  does  wind  sometimes  bring  rain  and 
sometimes  fine  weather  ? 

A.  If  the  wind  be  colder  than  the 
clouds,  it  will  condense  their  vapor  into 
rain :  But  if  the  wind  is  warmer  ^fcoft 
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the  chads,  it  will  dissolve  them,  and  cause 
them  to  disappear. 

Q.       What  is  the  use  of  dry  march  vnnds  ? 

A.  They  dry  the  soil,  which  is  satu- 
rated with  the  floods  of  February,  break 
v/p  the  Iwavy  chds,  and  fit  the  land  for 
the  seed  committed  to  it. 

Q.  Why  is  it  said,  that  "March  comes  in 
Uise  a  LION  ?" 

A.  Because  it  comes  in  with  bluster- 
ing tvindsy  so  essential  to  dry  the  soil, 
lest  it  rot  the  seeds  committed  to  it. 

Q.       Why  does  "  March  go  out  like  a  lamb  ?" 

A.  Because  the  water  (evaporated 
by  the  high  winds)  falls  again  in  showers^ 
to  fertilize  the  earth ;  and  these  constant 
showers  break  the  violence  of  the  winds. 

Q.  Why  is  it  said,  that  "  A  bushel  of  March 
DUST  is  toorth  a  king's  ransom .?" 

A.  Because  it  indicates  that  there 
has  been  a  continuance  of  dry  weather ; 
and  unless  March  be  dry,  the  seed  will 
rot  in  the  wet  soil. 

Q.  Why  is  ii  sadd^  ^A  drt,  cold  March 
never  BEQS  BR^Aiyl" 

A.  Because  the  dry,  cold  winds  of 
March  prepare  the  soil  for  seeds  ;  which 
germinate  and  produce  fruit  in  the 
autumn.   , 


88B  WIND* 

Q.  '  B/is  said,  thai  '^ J.  wet  March  makes  a 
SAD  autumn."     Explain  the  reason  cfthis. 

A.  If  March  is  loet^  so  much  seed 
rots  in  the  ground,  that  the  autumn  crops 
are  spoiled. 

Q.  It  is  said^  thai  "March  flowers  make 
NO  summer  bowers."     Explain  the  reason  of  this, 

A.  If  tlie  spririg  be  very  mikly  vege- 
tation gets  too  forward,  and  is  pinc/ied 
by  the  nightly  frosts^  so  as  to  produce 
neither  fruits  nor  flowers. 

Q.  It  is  saidy  "  A  late  spring  makes  a  fruit- 
ful TEAR."     Explain  the  reason  of  this. 

A.  If  the  vegetation  of  spring  be 
backward^  the  frosty  nights  will  do  no 
harm;  for  th^  fruits  and  flowers  will 
not  put  forth  their  tender  shoots,  till  the 
nights  become  too  warm  to  injure  them, 

Q.  Why  is  it  said,  that  "April  showers 
bring  May  flowers?" 

A.  Because  April  showers  supply 
the  principal  nourishment,  on  which 
seeds  depend  for  their  development. 

Before  seeds  can  germinate,  three  things  are  essential  :— 
Darkness,  Heat,  and  Moisture. 

Q.  Does  RAIN-WATER  possess  any  fertilizing 
properties,  besides  that  of  mere  moisture  ? 

A.  Yes  ;  rain-water  contains  -  ap 
abundance  of  carbonic  acidj  and  a  small 
quantity  of  ammonia;  to  which  much 
of  its  fertilizing  power  may  be  attributed. 
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Ammonia  is  a  componnd  of  nitrogen  and  hydrogM. 
Common  hartshorn  is  only  ammonia  and  water. 

Q.  Why  is  there  more  rain  from  SBPTSMBm 
to  March,  than  from  Ma/rch  to  September  f 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing ;  on  which 
account,  its  capa/ity  for  hoicUng  vapor  is 
on  the  decreasCj-  and  the  vapor  is  precip- 
itated as  rain. 

Q.  What  goodjmrpose  is  ^eded  under  Provi- 
dence by  this  increase  of  rain  tn  autumn  and  win- 
ter? 

A.  Because  rain  hastens  the  putr^ 
faction  of  the  faUen  leaves-;  and  this 
makes  the  earth  fertile. 

Q.  Why  is  there  1.B88  rain  from  March  to 
Sbptember,  than  from  September  to  March  f 

A.  Because  the  temperature  of  the 
air  is  constantly  increasing;  on  which 
account  its  capacity  for  holding  vapor  is 
on  the  increase^  and  very  little  is  precipi- 
tated as  rain. 

Q.  Why  is  the  rising  bun  in  summer  accom- 
panied with  a  BREEZE  ? 

A.-  Because  the  heat  of  the  rising 
sun  stops  the  radiation  of  heat  from  the 
earth,  and  warms  its  surface. 

Q.      How  does  this  warmth  produce  a  brebzb  I 
A.     The   air  (resting  on  the  earth's 
surface)  being  warmed  by  contact  ascends, 
13 


9W  •  .  WIND. 

and  cokkr  4ur  rushing  in  to  fill  up  the 
void,  produces  the  morning  breeze. 

Q.  Why  is  there  cftm  an  evehino  breeze 
during  the  summer  months  f 

A.'  Because  the  earth  radiates  heat 
at  sun-set  and  the  air  is  rapidly  cooled 
down  by  contact :  this  condensation 
causes  a  moiion  in  the  airy  called  the 
evening  breeze. 

Q.  Why  are  tropical  islanps  subject  to  a 
fBA  BREEZE  every  morning  :  (i.  e.j  a  breeze  blowing 
from  the  sea  to  the  hmd)  f 

A.  Because  solar  rays  are  unable  to 
heat'  the  surface  of  the  sea^  as  they  do 
the  earth ;  therefore,  the  air  resting  on  the 
9ea  is  less  healed  than  the  air  resting  on 
the  earth  ;  and  the  colder  sea  air  blows 
inland  to  restore  the  equilibrium. 

Q.       Why  is  a  land  breeze  unhealthy? 

A.  Because  it  is  frequently  laden 
with  exhalations  from  putrefying  ani- 
mal and  vegetable  substances. 

Q.       Why  is  a  sea  breeze  fresh  and  healthy  ? 

A.  Because  it  passes  over  the  fresh 
sea,-  and  is  not  laden  with  noxious  ex- 
halations. 

It  is  particularly  keaUky,  tfa'erefore,  to  walk  on  the  sea- 
beach  before  ten  o'clock  in  the  morning;  but  wnkeaUkif 
after  sun-set. 

Q.  Why  is  there  generally,  a  fresh  breeze  from 
ike  bea  during  the  sumpter  and  autumni  mornoi^  f 
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A.  Because  land  is  /more  heated  by 
the  sun  than  the  sea  is ;  and  the  land  air 
becomes  hotter  than  that  over  the  $ea  ; 
in  consequence  of  which,  the  cooler  sea 
air  glides  inland  to  restore  the  equili- 
brium. 

Q.       JVhy  does  a  sea  bileeze  ftd  cool  % 
A.  *  Because  the  sun  cannot  make  the 
surface  of  the  sea  so  hot  as  the  land; 
therefore,  the  air  which  blows  from  the 
sea  is  cooler  than  the  air  of  the  land. 

Q.  Why  are  tropical  islands  subjexit  to  a 
I.AND  BREEZE  every  evening  (i.  e.,  a  breeze  blotoing 
from  the  land  towards  the  sea)  ? 

A.  Because  the  surface  of  the  land 
cools  down  faster  (after  sun-set)  than 
the  surface  of  the  sea :  in  consequence 
of  which,  the  air  of  the  cold  land  is  conr 
densedrsinks  doum — and  spreads  itself 
into  the  warmer  sea  air — causing  the 
LAND  Freeze. 

Q.       Why  is  the  land  breeze  cool  ? 

A.  Because  the  surface  of  the  land 
is  cooled 'at  sun-set  quicker  than  thesur^ 
face  of  the  sea ;  therefore,  seamen  feel 
the  air  from  the  land  to  be  chill. 

Q.  Why  is  the  temperature  o/*  islands  mare 
equable  thafi  that  ^continents? 

A.  Because  the  water  around  the  isl- 
and  absorbs  the  extreme  heat  of  smn- 


S8S  WIKD. 

mer ;  and  gives  out  heat  to  mitigate  the 
extreme  cold  of  winter. 

Q.  Islands  a/re  warmer  in  winier  than  coiUi' 
naUs.     Exfplain  the  reason  of  this, 

A.  *  Unless  the  sea  be  frozen  (which 
is  rarely  the  case)  it  is  warmer  than  the 
frozen  land :  and  the  warmth  of  the  sea 
air  helps  to  mitigate  the  intense  cold  of 
the  land  air. 

Q.      Explain  the  cause  of  sea  waves  1 

A.  The  wind  (acting  on  •  the  surface 
of  the  sea)  piles  up  ridges  of  wcUer^ 
leaving  behind  an  indentation :  as  the 
water  on  all  sides  rushes  to  fU  up  this 
indentation^  the  disturbance  spreads  on 
ail  sides^  and  billow  rolls  after  billow, 

•Q.       Why  does  wind  generally  feel  cold  1 

A.  Because  a  constantly  changing 
surface  comes  in  contact  with  our  body, 
to  draw  off  its  heat. 

Q.  Why  is  a  room  {even  without  a  fire)  ge- 
nerally WARMER  than  the  open  air  ? 

A.  Because  the  air  in  a  room  is  not 
subject  to  muck  change^  and  soon  becomes 
of  the  same  temperature  as  our  skin, 
when  it  no  longer  feels  cold. 

Q.  Why  do  we  generally  feel  colder  cnt-of 
doors  than  in-door s? 

A.  Because  the  air  (which  surrounds 
us)  is  always  dianging ;  and  as -fast  as 
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one  portion  of  air  has  become  warmer 
by  contact  with  our  body,  another  colder 
portion  surrounds  us,  to  absorb  more 
heat. 

Q.      How  does  BLOWING   HOT  FOOD   moke  U 

COOL? 

A.  It  causes  the  air  (which  has 
been  heated  by  the  food)  to  change  more 
rapidly,  and  give  place  to  fresh  cold  air. 

Q.       Wkt/  do  ladi^  fan  themselves  in  hot 

vjcaiher  ? 

A.  Thai  Jresh  particles  of  air  may  be 
brought  in  contact  with  their  faces  by 
the  action  of  the  fan;  and  as  every 
fresh  particle  of  air  absorbs  some  heat 
from  the  skin,  this  constant  change 
makes  ihem  cool. 

Q.      Does  a  fan  cool  the  Aia  ? 

A.  No;  it  makes  the  air  hotter  by 
imparting  to  it  the  heat  out  of  our  face  ; 
but  it  cools  our  face  by  transferring  its 
heat  to  the  ai7\  • 

Q.      How  fast  does  wind  travel  ? 

A.  A  gentle  breeze  goes  at  about 
the  rate  of  5  miles  an  hour..  A  high 
w^ind  from  20  to  60.  A  hurricane  from 
80  to  100  miles  an  hour. 

Q.      How  is  the  velocity-^  winds  ascertained  f 

A.    By  observing  the  velocity  of  the 
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clouds;  and  by  an   instniment  for  the 
purpose,  called  an  Anemometer. 

PTX>noiii]ce  An-e-mom'-e-ter.  From  two  Greek  Trords 
mf€f»s  (wind)  and  /tfrpop  (a  measureY  This  term  is  applied 
more  frequently  to  an  instmment  wiiich  measnres  ihefam 
of  wind. 

Q.  How  is  the  velocity  (f  the  clouds  oscer- 
tained? 

A.  By  observing  the  speed  of  their 
shadow  along  the  ground;  which  is 
found  (in  a  high  wind)  to  vary  from  20 
to  60  miles  an  hour. 

Q.  JVhy  is  there  a  strong  drjiught  through 
the  KEYHOLE  rfa  door  ? 

A.  Because  the  air  in  the  room  we 
occupy  is  warmer  than  the  air  in  the 
hall;  therefore,  the  air  from  the  hall 
iiishes  through  t/ie  keyhole  in  the  room, 
and  causes  a  draught. 

Q.  •  Why  is  there  a  strong  draught  undee  the 
door;  and  through  the  crevice  on  each  side  ? 

A.  Because  cold  air  rushes  from  the 
hall,  to  supply  the  void  in  the  room, 
caused  by  the  escape  of  warm  air  up 
the  chimney,  &c. 

Q.  Why  is  there  always  a  dravoht  through 
the  window  crevices  ? 

A.  Because  the  external  air  (being 
colder  than  the  air  of  the  room  we  occu- 
py)  rushes  through  the  window  crev- 
ices to  supply  the  deficiency^  caused  by 
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the  escape  of  warm  air  up  the  chimney, 
&c. 

Q.  J^you  open  the  lower  sash  of  a  tvindow,' 
^ere  is  more  draught  than  if  you  open  the  upper 
sa$h. .   Explain  the  reason  of  this, 

A.  If  the  bwer  sash  be  open,  cold 
external  air  will  rush  freely  into  tlie  roam 
and  cause  a  great  draug'ht  inwards; 
But  if  the  upper  sash  be  o|>en,  the  heat- 
ed air  of  the  room  will  rush  out,  and  (o{ 
course)  there  will  be  less  draught  m- 
wards. 

Q.  By  which  means  is  a  room  better  venti- 
lated— By  opening  the  upper  or  the  lower  sash  ? 

A.  A  room  is  better  ventilated  by 
opening  the  upper  sash;  because  the  hot 
vitiated  air  Twhich  always  ascends  to- 
wards the  ceiling)  can  escape  more  easily. 

Q.  By  which  viearu  is  a  hot  room  more 
quickly  cooled — By  opening  the  upper  or  the  lower 
sash? 

A.  A  hot  room  is  cooled  more  quickly 
by  opening  the  lower  sash  ;  because  the 
cold  air  can  enter  more  freely  at  the 
hwer  part  of  the  room,  than  at  the  upper, 

Q.       Why  does  wind  dry  damp  linen  1 

A.  Because  dry  wind  (like  a  dry 
sponge)  imbibes  the  particles  of  vapor 
from  the  surface  of  the  linen,  as  fast  as 
they  arc  formed. 
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Q.  Wiick  is  ike  hottest  place  in  a  chm/rch^ 
chdpelf  or  theatre  T 

A.     The  gallery. 

Q.  Why  is  the  oallert  cf  all  puHic  places 
ROTTER  than  the  lower  parts  of  the  buUdiTig  ? 

A.  Beljause  the  heated  air  of  the 
building"  ascends;  and  all  the  cold  air 
(which  can  epter  through  the  doors  and 
windows)  keeps  to  the  floor ^  till  it  has  be- 
come heated. 

Q,  Why  do  plants  often  grow  out  of  walls 
and  TOWERS? 

A.  Because  the  seed  has  been  blown 
there  with  the  dust,  by  the  wind^  or 
dropped  by  some  bird  flying  over. 
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CHAPTER  XXV. 

Q.  Wh(U  is  a  barometer  ? 
.  A.  A  weather-glass,  or  instrument  to 
measure  the  variations  in  the  weight  of  the 
air ;  by  means  of  which  variations^  we 
may  judge  what  weather  may  be  ex- 
pected. 

Barometer  is  a  compoand  of  two  Greek  words,  Bdipn 
(weight)  and  ^rfov  (a  measure). 

Q.       What  is  a  THS&MoiiBTsa} 
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A.  An  instrument  to  show  how  hot 
or  cold  anything  is. 

Thermometer  is  a  compound  of  two  Greek  words  Oip- 
ffuH  (heat)  and  (ivrpop  (measure). 

Q.  ^  Whai  is  the  diffbrbnce  heltoeen  a  THsk- 
K OMETER  and  a  barometeb.  ? 

A.  In  a  THERMOMETER  the  mercury 
is  sealed  up  from  the  air ;  and  rises  or 
falls,  as  the  varying*  temperature  of  the 
air  expands  or  contracts  it :  but 

In  a  barometer  the  mercury  is  left 
exposed  (or  open)  to  the  air;*  and  rises 
or  falls,  asr  the  varying  weight  of  the  air 
presses  upon  the  open  column. 

Q.  If  the  mercury  of  the  thermnmeler  be  ssALKn> 
TTPfrom  the  air^  how  can  the  air  affect  it  ? 

A.  The  heat  of  the  air  passes  through 
the  glass  tube  into  the  mercury  which 
causes  the  metal  to  expand  and  rise  in. 
the  tube. 

Q.       Why  is  the  tube  of  a  barometer  left  open  % 

A.  That  the  air  may  press  upon  it 
freely ;  and,  as  this  pressure  varies,  the 
mercury  rises  or  falls  in  the  tube. 

The  top  of  the  tuhe  must  be  a  **  vacuum  f"  otherwise 
the  pressure  of  the  external  air  upon  the  lower  part  of  the 
column  cannot  affect  the  mercury. 

Q.  How  can  a  barometer^  which  measures  the. 
WEIGHT  of  air ^  be  of  service  as  a  weather  glass  ? 


*  At  its  lower  extremity. 
13* 
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A.  When  air  is  moist^  or  filled  with 
vapor,  it  is  lighter  than  usual ;  and  the 
oolunm  of  mercury  stands  low  : 

When  air  is  dry  and  free  from  vapor, 
it  is  heavier  than  usual ;  and  the  mercury 
stands  high:  Thus  the  barometer  (by 
showing  the  variations  in  the  weight  of 
the  air)  indicates  the  changes  of  th^ 
weather  cdso. 

Q.  Why  can  you  ieU  {by  looking  at  a  ba- 
rometer) what  KIND  of  WEATHER  it  Will  be  ? 

A.  Because  the  mercury  in  the  tube 
rises  and  falls ^  as, the  air  becomes  heav- 
ier or  lighter :  and  we  can  generally  lell 
by  the  weight  of  the  air,  what  kind  of 
weather  to  expect. 

Q.      Does  the  vimGwn  cf  the  air  VAtiY  nvcK% 

A.  Yes;  the  atmosphere  varies  as 
much  as  one-tenth  part  more  or  less. 

Q.       What  USE  is  a  barometer  to  sailors  ? 

A.  It  warns  them  to  reguiate  thek 
sldpSj  before  squalls  come  on. 

Q.  How  can  a  barometer  warn  sailors  to 
regulate  their  ships  ? 

A.  s  As  it  indicates  when  wind,  rain, 
and  stoi^m  are  at  hand,  the  sailor  can 
make  his  ship  trim  before  they  overtake 
him. 

Q.  Are  there  any  rxjles  which  can  be  depended 
onT 
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A.    Yes;   there  are  ten  special,  rvies 

to  direct  us  how  to  know  the  changes 

of  weather,  by  marking*  the  mercury  of 

a  barometer. 

Q.  MentioTb-the  1st  special  rule  wUhrega/rd 
to  the  bcuromeUr  f 

A.  The  barometer  is  higliest  of  oM 
during  a  long  frost;  and  it  generally 
rises  with  a  northrweetmnd, 

Q.  Why  is  the  barometer  highest  cf  all  during 
a  long  PROST  ? 

A;  Because  a  long  frost  condenses  the 
air  very  greatly  ;  and  the  more  condensed 
air  is,  the  greater  is  its  pressure  on  the 
mercury  of  a  barometer. 

Q.,  Why  does  the  barometer  generally  rise 
with  NORTH-WEST  toinds  I 

A. '  Because  north-west  winds  make 
the  air  both  cold  and  dry :  and  being 
both  condensed^  and  witJwut  vapor,  it  is 
much  heavier. 

Q.  MsTiiian  the  2d  special  rule  with  regard 
to  the  barometer  ? 

A.  The  barometer  is  lotvest  of  all 
during  a  thaw,  which  follows  a  long  frost  : 
and  it  generally  falls  with  south  or 
EAST  wind. 

Ql  Why  does  the  barometer  faU  lowest  ofdU 
at  the  BREAKING  JJ^  of  a  long  frost  ? 

A.     1st — Because  the  air  (which  had 
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been  much  dried  by  the  frost)  abmr^ 
the  moisture  of  the  fresh  warm  current 
of  wind  from  the  south  or  south-west : 
and 

2dly — The  air  (which  had  been  much 
condensed  by  the  ftost)  is  suddenly  ex- 
panded by  the  warm  wind,  which.  i« 
introduced. 

Q.  Why  does  the  baromder  fall  very  low  vnth 
SOUTH  and  east  winds  f 

A.  Because  south  and  east  winds 
come  heavily  laden  with  vapor  ;  and  va- 
porized air  is  lighter  than  dry  air. 

Q.       What  effect  has  wind  on. the  mercury  f 

A.  The  barometer  is  high,  when  the 
wind  blows  between  the  west  and  the 
north;  but  it  is  low,  when  the  wind 
blows  between  the  south  and  the  east. 

Q.  Why  do  these  winds  affect  the  mercury  (ifck 
ba/rometer  ? 

A.  Because  the  pressure  of  the  air  is 
increased  by  cold  tmnda,  and  diminished 
by  warm  ones. 

Q.  Why  \i  the  pressure  of  air  inoreased  irith 
cold  winds  from  the  north  ? 

A.  Because  the  air  corara^cts,  when 
it  is  cooled  by  winds  from  the  north  and 
east,  and  icarmer  air  flows  in  from  all 
sides  to  fill  up  the  vacuum ;  in  conse- 
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cpience  of  which,  its  volume  is  increased, 

and  the  barometer  rises. 

Q.  Why  is  the  pressure  of  air  DimNisHED 
b$f  warm  winds  from  the  south? 

A.  Because  the  air  ascends  when  it  is 
heated  by  south  winds,  and  flows  away 
in  all  directions;  in  consequence  of 
which,  its  volume  is  cUminis/iedj  and  the 
piercury/o/fe. 

Q.  What  is  the  3d  specul  eule  with  regard 
Uf  the  barometer  ? 

A.  While  the  barometer  stands  above 
30,  the. air  must  be  very  dry,  or  very 
coid^  or  perhaps  both — and  no  rain  may 
be  expected. 

Q.  ,  Why  will  there  be  no  rain  if  the  air  be 
very  dry  ? 

A.  Because  dry  air  will  absorb  mois-' 
ture,  and  not  part  with  it  in  rain. 

Q.  Why  will  there  be  no  rain  tf  the  Am  be 
very  cold  ? 

A.  Because  it  is  so  much  condensed^ 
that  it  hfis  already  parted  with  as  much 
moisture  as  it  can  spare. 

Q.  What  is  the  4th  special  rule  toiih  rega/rd 
to  the  ba/rometer  f 

A.  When  the  barometer  stands  very 
low  indeed,  there  will  never  he  mum 
rain;  although  define  day  will  seldom 
occur  at  such  times. 
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Q.  What  kind  of  weather  is  there  Ukdy  to 
key  when  the  barometer  is  unusually  low  ? 

A.  S'lort  tieavy  showers^  with  sudden 
squalls  of  wind  froQi  the  west, 

Q.  Why  will  thereJ^  very  little  rain,  if 
the  barometer  is  unusually  low? 

A.  Because  the  air  must  be  very 
warm^  or  very  moistj  or  perhaps  both, 

Q.  Why  will  there  be  little  or  no  rain,  if  the 
AIR  be  very  warm  1 

A.  Because  warm  air  has  a  tenden- 
cy to  imbibe  more  moisture  and  not  to 
part  with  what  it  has. 

Q.  Why  wiU  there  be  little  or  no  rain,  if  the 
air  be  moist  and  the  barometer  very  low  ? 

A.  Because  rain  will  never  fall  (even 
thoug-fi  the  air  be  saturated),  till  coid  air 
has  been  introduced  to  condense  the  va- 
por:  And,  as  soon  as  cold  air  has  been 
intrQduced,  the  barometer  will  rise  in- 
stantly. 

Q.  Name  the  5th  special  rule  tuith  regard 
to  the  barometer  ? 

A.  In  summer-time  (after  a  long*  con- 
tinuance of  fair  weather)  the  barometer 
will^a//  gradually  for  2  or  3  days  before 
rain  comes :  But  if  the  fall  of  the  mer-~ 
cury  is  very  sudden^  a  thunder-storm  may 
be  expected. 

Q.  What  is  the  6th  special  rule  with  regard 
to  the  barometer  1 
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•  A.  When  the  sky  is  cloudless,  and 
seems  to  promise  fair  weather — if  the 
barometer  is  low,  the  face  of  the  sky  will 
soon  be  suddenly  averccist, 

Q.  What  is  the  7th  special  rule  wUk regard 
to  the  barometer  ? 

A.  Dark  dense  clouds  will  pass  oter 
without  rain,  when  the  barometer  is 
hi^h;  but  if  the  barometer  be  low,  it 
will  often  rain  loithmU  any  appearance  of 
clouds. 

Q.  What  is  the  8th  sPEOLiL  rule  with  rega/rd 
to  the  barometer  ? 

A/  The  higher  the  barometer,  the 
greater  the  probability  of  fair  weather. 

Q.  Why  is  the  barometer  high  in  fine  wta' 
ther? 

A.  Because  the  air  in  fine  weather 
contains  very  little  vapor.  The  drier  the 
air,  the  higher  does  the  mercury  of  the 
barometer  rise. 

Q.  What  is  the  9th  specul  rule  vriih  regard 
tathe  barometer? 

A.  When  the  mercury  is.  in  a  rising 
state,  Jine  weather  is  at  hand  ;  but,  when 
the  mercury  is  in  a  sinking  state,  foul 
weather  is  near. 

Q.  Why  does  the  mercury  ri8E  at  the  approach 
qf  FINE  weather  ? 

A,     Because  the  air  is  becoming  more^ 
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dry;  and,  therefore,  its  pressure  w  Wr 
creased, 

Q.  Why  does  the  mereury  sink  tU  the  ofproadt 
qfrovi^  weather  ? 

•  A.  "  Because  the  air  is  laden  tcUh  vor 
par  or  disturbed  by  wind. 

tj.  Why  does  vapor  in  the  air  make  the  mer- 
twry  SINK  % 

A.  Because  vaporized  air  is  lighie^r 
than  dry  air;  and  its  pressure  on  the 
barometer  less.    . 

Q.  What  is  the  10th  special  rule  with  re- 
gard to  the  barometer  ?  - 

A.  If  (in  frosty  weather)  it  begins  to 
snow,  the  barometer  generally  rises  to 
30;  where  it  remains,  so  long*  as  the 
snow  continues  to  fall :  If,  after  this,  the 
weather  clears  up,  you  may  expect  very 
severe  cold. 

^J.  How  can  you  know  if  the  mercury  of  the 
barometer  is  rising  ? 

A.  When  the  top  of  the  column  is 
convex  (i.  e.,  higher  in  the  middle  than  at 
the  sides),  the  mercury  is  in  a  rising  state. 

Q.  How  can  you  tell  if  the  mercury  if  the 
'barometer  is  falling  ? 

A.  When  the  top  of  the  colunin  is 
concave  (i.  e.,  hollow  in  the  middle),  the 
mercury  is  in  sl  Jailing  state. 

Q.       Why  is  the  mercury  convex  when  it  ii 

BISING  ? 
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A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
the  g-lass ;  in  consequence  of  which,  the 
middle  part  rises  faster  than  the  sides; 
and  the  surface  is  convex. 

Q.       Why  is  the  mercwry  concave  whef\itu 

FALLING  ?  ^ 

A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
capUlai^  attraction ;  in  consequence  of 
which,  the  middle  part  sinks  faster  than 
the  sides  :  and  the  surface  is  concave. 

Q.  What  effect  does  a  thitnder-storm  produce 
an  the  toeather  ? 

A.  It  is  generally  -preceded  by  hot 
weather,  dXiA  followed  by  cold  and  show- 
ery weather. 

.  Q.  Whai  ^ect  does  a  sudden  chano£  qfteni' 
perature  produce  on  the  weather  f 

A.  A  great  and  sudden  change  (ei- 
ther from  hot  to  cold,  or  from  cold  to 
hot)  is  generally  folbwed  by  rain  within 
24t  hours, 

Q.  Why  is  a  sudden  change  from  hot  to 
cohT}  followed  by  rain  ? 

A.  Because  cold  condenses  the  air; 
and  some  of  its  vapor  is  given  off  in 
rain. 

Q.  Wky  is  a  sudden  ohanoe  from  cotD  to 
wyifiUovoed  by  iIain  ? 
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A.  Because  the  air  is  quickly  satu- 
rated with  moisture :  but  when  night 
comes  on,  and  chills  the  teniperature, 
some  of  the  abundant  moisture  is  given 
off  in  rain. 

Q.  Whp  is  the  air  quickly  saturated  vnth 
MOISTURE,  when  heat  rapidly  succeeds  to  cold  ? 

A.  Because  the  evaporation  (which 
was  checked  by  the  cold)  is  carried  on 
very  rapidly,  in  consequence  of  the  dh 
minished  pressure  of  the  air. 

N.  B.  The  Ies54ke  pressure  of  the  air,  the  more  rapid  tke 
evaporation  of  moisture  will 'be. 

Q.       When  does  the  barometer  tart  most  1 
A.     In  winter-time.  ' 

Q.  IVhy  does  the  barometer  vary  mors  in 
WINTER,  than  in  sUHMER-<im«  / 

A.  Because  the  difference  of  temper- 
ature between  the  torrid  and  temperate 
zones  is  much  greater  in  winter  than  in 
summer:  and  produces  a  greater  dis- 
turbance in  the  state  of  the  air. 

Q.       When  does  the  barometer  vart«least? 

A.     In  summer-time. 

Q.  Why  does  the  barometer  vary  less  in  01W* 
MER  than  in  vfiSTEBL-time  f 

A.  Because  th^  temperature  of  the 
torrid  and  teniperata  zones  in  summer 
is  so  nearly  eqtwl,  .that  its  state  is  wA 
much  disturbed  by  interchange  of  cu^ 
rents. 
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Q.  Save  heat  and  cold  anp  ^ecl  an  the  ba- 
rometer ? 

A.  No,  not  of  themselves;  but  be- 
cause cold  weather  is, generally  either 
rf;7/,  or  roxjigh  with  north-west  winds, 
therefore  the  mercury  rises  in  cold  wea- 
ther:  And  because  warm  weather  is 
often  moisly  or  fanned  by  south-east 
winds,  therefore  the  mercury  sinks  in 
warm  weather. 

Q.  W%y  is  the  mercury  fjfa  barometer  lower 
in  the  torrid  than  in  the  ip&igid  zone  I 

A.  Because  the  warm  air  of  the  tor- 
rid zone  contains  much  more  vapor  than 
the  condensed  air  of  the  frigid  zone; 
and  the  moister  the  air,  the  less  is  its 
pressure. 

Q.      In  what  months  is  the  barometer  niGBxent  ? 
A.     In    May   and   August;   then   in 
^  June,  March,  September,  and  April. 

Q.      In  what  months  is  the  barometer  lowest  ? 

A.  In  November  and  February ;  then 
in  October,  July,  December,  and  Jan- 
uary. 

Q.  Why  is  there  less  wet  from  March  to 
August  than  there  is  from  Augvat  to  March  ? 

A.  Because  the  heat  is  constantly  in- 
(teasing ;  and  the  capacity  of  air  to  ab- 
sorb and  retain  q^oisture  increases  like* 
wise. 
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Q.  JVhy  is  there  more  wei  from  August  <o 
March  thanfrpm  March  to  August  ? 

A.  Because  the  heat  is  constancy 
decreasing ;  and  the  capacity  of  air.  to 
retain  moisture  decreases  also;  so  that 
although  it  often  rains,  yet  the  air  is 
always  on  the  point  of  saturation. 

Q.  Why  does  the  mercury  of  a  barometer  rise 
in  a  FROST  ? 

A.  Because  frost  condenses  the  air; 
and  condensed  air  is  heavier  than  rare- 
fied air. 

Q.  Why  does  the  mercury  of  a  barometer  fall 
in  a  THAW  ? 

A.  Because  the  air  is  filled  with 
vapor, 

Q.  What  does  a.  sudden  rise  or  faU  of  the  ba- 
rometer indicate  1 

A.  If  the  me  be  sudden,  fine  wea- 
ther will  not  continue  long : 

If  the  faU  be  sudden,  foul  weather 

will  not  continue  long.   , 

Q.  Wh(U  sort  of  wecUher  may  we  eocpect^  if  the 
barometer  is  very  fluctuating  ? 

A.  If  the  mercury  fluctuates  much, 
the  weather  will  be  very  changeable  and 
unsettled. 

The  fall  of  the  barometer. 

In.  very  hot  weather,  the  fkll  <^  the  mercury  denotes 
thunder.  Otherwise,  the  sudden  falling  of  the  barometer 
denotes  high  wind. 
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.  In  frosty  weathw,  the  Mi  of  the  harometer  denotes  thaw. 
If  wei  weather  happens  «oon  after  the  fell  of  the  ha- 
rometer, expect  but  little  of  it. 
.  la  wet  weather,  if  the  barometer  fells,  expect  mach  wei 
In  fair  weather,  if  the  barometer  fells  and  remains  low, 
expect  much  wet  in  a  few  days,  and  probably  wind. 

N.  B.  The  harometer  sinks  lowest  of  all  for  wind  and 
rain  together ;  next  to  that  for  wind,  (except  it  be  an  east 
or  north-east  wind.) 

The  rise  op  thb  barometer. 
In  winter y  the  rise  of  the  barometer  pTe8ag;es  frost. 
Jnfiosty  weather,  the  rise  of  the  barometer  presages 


If  fair  weather  happens  soon  after  the  rise  of  the  ba- 
rometer, expect  but  little  of  it. 

In  wet  weather,  if  the  mercury  rises  high  and  remains 
so,  expect  continued  ^n^  weaiher  in  a  day  or  two. 

In  wet  weather,  if  the  mercury  rises  suddenly  very  high, 
fine  weather  will  not  last  long. 

N.  B.  The  barometer  rises  highest  of  all  for  north  and 
west  winds;  for  all  other  widds  it  sinks. 

The  BAROMi^TBR  UNSETTLED. 

If  the  motion  of  the  mercury  be  uruettledf  expect  unset- 
tled weather. 

If  it  stand  at  "  much  rain  "  and  rise  to  "  changeable/' 
expect /air  weather  of  short  continuanee. 

If  it  stand  at  "fair  "  and  fall  to  "  changeable,"  expect 
foul  weather. 

N.  B.  Its  motion  upwards  indicates  the  approach  of 
fine  weather ;  its  motion  downwards  indicates  the  approach 
of  foul  weather. 


SNOW.    HAIIi.   RAIN. 

CHAPTER  XXVI. 

Q.       What  M  SNOW  ? 

A.     The  condensed  vapor  of  the  air 
frozen^  and  precipitated  to  the  earth. 


SIO  SNOW. 

Q.       What  is  the  cause  cf  snow  9 

A.  When  the  air  is  nearly  saturated 
'^ith  vapor,  and  condensed  by  a  current 
of  air  below  freezing  pointy  sonae  of  the 
vapor  is  condensed,  and  frozen  into 
snow. 

A  few  years  ago,  some  fishermen  (who  winteired  at 
Nova  Zembla),  after  they  1^  been  shut  iq>  in  a  hnt  for 
several  days,  opened  tke  wiTidow,  and  the  cold  external  air 
rushing  in,  instantly  condensed  the  air  of  the  hut,  and  its 
▼apor  fell  on  the  floor  in  a  shower  of  snow, 

Q.       Why  does  ssowfaU  in  winter  time  ? 

A.  Because  the  sun's  rays  are  too 
oblique  to  heat  the  surface  of  the  earth ; 
and  (as  the  earth  has  no  heat  to  radiate 
into  the  air)  the  air  is  very  cold, 

Q.       Wha4  is  the  ccuuse  ^ sleet? 

A.  When  flakes  of  snow  (in  their 
descent)  pass  through  a  bed  of  air  above 
freezing  point,  they  partially  melt ;  and 
fall  to  the  earth  as  half-melted  snow,  or 
sleet. 

Q.       What  is  the  use  of  snow  ? 
A.     To  keep  the  earth  wormy  and  to 
nourish  it. 

Q.      Does  snow  keep  the  earth  wars? 

A.  Yes,  because  it  is  a  very  bad  corh 
ductor ;  in  consequence  of  which,  when 
the  eartli  is  covered  with  snow,  its  tem- 
perature   very    rarely    descends    behw 
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Jreezing  /K)inr,  even  when  the  air  is  15 
or  ^0  degrees  colder. 

Q.  Why  is  snow  a  bad  conductor  cfhecU 
and  cold  / 

A.  JBecause  air  is  confined  and  en- 
tangled among*  the  crysCals ;  and  air  is 
a  very  bad  conductor :  When,  therefore, 
the  earth  is  covered  with  snow,  it  pannot 
throw  off  its  heat  by  radiation. 

Q.  Tell  me  the  words  of  the  PSalmist  (cxlvii. 
16)  respecting  stww  ;  and  explain  iahcU  he  means? 

A.  The  PsaUiftist  says— "The  Lord 
giveth  snov;r  like  wool ;"  and  he  means, 
not  only  that  snow  is  as  white  as  tvool, 
but  that  it  is  also  as  toarm  as  wool, 

Q.       Why  is  WOOL  warm  ? 

A.  Because  air  is  entangled  among 
the  fibres  of  the  wool ;  and  air  is  a  very 
bad  conductor. 

Q.       Why  is  snow  warm  ? 

A.  Because  air  is  entangled  among 
the  crystals  of  the  snow;  and  air  is  a 
very  bad  conductor. 

Q.       Why  does  snow  nourish  the  earth  ? 

A.  Because  it  supplies  moisture  con- 
Imoing  carbonic  acid ;  which  penetrates 
slowly  into  the  soil,  and  insinuates  itself 
through  every  clod,  ridge,  and  furrow. 

Q.      Why  is  there  no  snow  in  summer  Hmef 
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A.  Because  the  heai  ofih^  earih  melts 
it  in  its  descent,  and  prevents  it  from 
reaching-  t-he  surface  of  the  earth. 

Q.       Why  are  same  mountains  always  coter- 

ED  wUh  8NOW  ? 

A.  1st — ^Because  the  air  on  a  high 
mountain  is  more  rarefied;  and  rarefied 
air  retains  much  heat  in  a  latent  state  : 
and 

2dly — Mountain-tops  are  not  surround^ 
ed  by  earth,  to  radiate  heat  into  the  air  ; 
and,  therefore,  the  snow  is  not  melted 
in  its  descent,  but  falls  on  the  mountain, 
and  lies  there. 

Q.         JVhy  U  SNOW   WHITE? 

A.  Because  it  is  formed  of  an  infinite 
number  of  very  minute  crystals  and 
prisms,  which  reflect  all  the  colors  of  the 
'  rays  of  light  from  different  points ;  and 
these  colors,  uniting  before  they  meet 
the  eye,  cause  snow  to  appear  white. 

Tbe  same  answer  applies  to  salt,  loaf-sugar,  &c.    (At 
p.  872.) 

Q.       WhatisnK\i.% 

A.  Rain,  which  has  passed  in  its 
descent  through  some  cold  bed  of  air^  and 
has  been  frozen  into  drops  of  ice. 

Q.  WTuU  makes  one  bed  <f  air  colder  thorn 
anoiher  ? 
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'  A.     It  is  frequently  caused  by  eleo- 
tricity  unequally  distrilmted  in  the  air. 
Q.       Why  is  hail  frequerUly  accompanied  vnik 

THUMDBR  and  LIGHTNING  ? 

A.  1st — Because  the  congelatian  of 
water  into  hail  disturbs  the  electricity  of 
the  air:  and 

2dly — ^The  JriOion  (produced  by  the 
fall  of  hail)  excites  it  still  more. 

Q.  Why  does  hail  fall  generally  in  8Umice& 
and  AUTUMN? 

A.  1st — Because  the  air  is  more 
highly  electrified  in  summer  and  autumn 
than  in  winter  and  spring :  and 

2dly — The  vapors  in    summer    and  < 
autumn  (being  rarefied)  ascend  to  more 
elevated  regions,  which  are  col(^  than 
those  nearer  the  earth. 

Q.       Whal  TWO  things  are  essential  to  ca/u9g 

HAIL? 

A.  Two  strata  of  clouds  having  oppth 
site  efectricitieSy  and  two  currents  qfidnd. 
The  lower  cloud  (being  negative)  is  the 
one  precipitated  in  hail. 

Q.       What  is  RAm'i 

A  The  vapor  of  the  clouds  or  air 
condensedj  and  precipitated  to  the  earth. 

Q.       WTien  is  the  vapor  of  the  air  or  doudt 
P&EOIFITATED  in  hail,  rain,  or  snow  ? 
14 
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A.  When  the  air  is  saturated  wkh  vor 
par,  and  a  cold  current  condenses  it ;  it 
is  then  no  longer  able  to  hold  all  its 
vapor  in  solution,  and  some  of  it  falls  as 
rain. 

Q.       Why  does  rats  faU  in  drops  ? 

A.  Because  the  vapory  particles  in 
their  descent  attract  each  other;  and 
those  which  are  sufficiently  near  unites 
and  form  into  drops. 

Q.  Why  does  not  the  cold  of  night  always 
carise  rain  ? 

A.  Because  the  air  is  not  always  near 
saturation ;  and  unless  this  be  the  case, 
It  will  be  able  to  hold  its  vapor  in  solu- 
tion, even  after  it  is  condensed  by  the 
chilly  ni^ht.    • 

Q.       Why  does  a  passino  oloud  often   drop 

KAIN? 

A.  Because  the  cloud  (travelling 
about  pn  the  wind)  comes  into  contact 
with  sometfdng  that  chills  it ;  and  its  va- 
por being*  condensed,  ^o/fe  to  the  earth  as 
rain, 

Q.  Why  are  rain-drops  sometimes  muck 
LARGER  than  at  other  times  f 

A.  Because  the  rain-cloud  is  floating 
near  the  earth;  when  this  is  the  case, 
the  drops   are  lai^e,  because  such  a 
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cloud  is  much  more  dense  than  one  more 
elevated. 

The  size  of  the  rain-drop  is  also  increased,  according  to 
the  rapidiip  with  which  the  vapors  are  condensed. 

Q.  Does  not  wind  sometimes  increase  tki 
BJZE  of  ratn-drops  ? 

A.  Yes;  by  blowingf  two  or  more 
drops  into  one. 

Q.       Why  do  CLOWS  FAhi.  in  RAINY  toeather  f 

A.  1st — Because  they  are  heavy  with 
abundant  vapor :  and 

2dly — The  density  of  the  air  being 
dimimBhed^  is  less  able  to  buoy  the  clouds 
up. 

Q.  How  do  you  know  thai  the  density  of  the 
air  is  D[Minished  in  ratnt  weather  ? 

A.  Because  the  mercury  of  a  ba- 
rometer ^/&. 

Q.  Why  is  rain-water  more  fertilizino 
than  pump-water  ? 

A.  1st — Because  it  contains  more 
carbonic  acid :  and 

2dly — It  contains  also  a  small  quan- 
tity of  ammonia^  with  which  it  supplies 
the  young  plants. 

It  is  prohable  that  the  ammonia  of  rain-water  is  merely 
that  which  escapes  fVom  putrefying  animal  matters,  beatra 
hack  by  the  force  of  the  shower. 

Q.       Why  does  rain  purify  the  air  ? 

A.     1st — Because  it  beats  doxen  thfe 
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noxious  eshdtaiions  collected  in  the  air, 
and  dissolves  them  : 

2dly — It.  mixes  the  air 'of  the  upper 
regions  with  that  of  the  lower  regions: 
and 

3dly — It  washes  Hie  earthy  and  sets  in 
motion  the  stagnant  contents  of  sewers 
and  ditches. 

Q.  IVhy  are  mountainous  countries  more 
RAINY  ihanflai  ones  ? 

A.  Because  the  air  (striking  against 
the  sides  of  the  mountains)  is  carried  up 
the  inclined  plane,  and  brought  in  contact 
with  the  cold  air  of  the  higher  regions : 
in  consequence  of  which,  its  vapor  is 
condensed,  and  deposited  in  rain. 

Q.       Wht^  does  a  sponge  swell  when  U  is 

WETTED  7 

A.  Because  the  water  penetrates  the 
pores  of  the  sponge  by  capillary  attrac- 
tion, and  drives  the  particles /ur^A^r/rofn 
each  other;  in  consequence  of  which,  the 
bulk  of  the  sponge  is  greatly  increased. 

m 

Q.  Wht^    do    FIDDLE-STRINGS    SNAP    »»    WKT 

weather  f 

A.'  Because  the  moisture  of  the  air 
(penetrating  the  string)  causes  it  to 
swell;  and  (as  the  cord  thickens)  its 
tension  is  inaeased,  and  the  string  snaps. 
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Q. ,  Why  does  PAPER  PUCKER  when  it  is  wet- 
ted ? 

A.  Because  the  moisture  (penetrating* 
the  paper)  drives  its  particles  furtfwr 
apart;  and  (as  the  naoisture  is  absorbed 
.  unequally  by  the  paper)  some  parts  are 
more  enlarged  than  others ;  in  conse- 
quence of  which,  the  paper  blisters  or 
packers. 

Q.  Why  do  the  weather-toys  {called  capuchins) 
lift  the  cowl  over  the  figures  in  wet  weather^  ana 
remove  it  in  dry  ? 

A.  Because  the  cowl  of  the  capuchin 
is  attached  to. a  piece  of  cat-gut  in  such  a 
manner,  that  when  the  cat-gtit  is  short- 
ened by  moisture^  it  pulls  the  cowl  up ; 
but  in  dry  weather  the  string*  is  loosened^ 
and  the  cowl  falls  down  by  its  own 
weight. 

Q.  In  another  weather-toy  the  man  comes  out 
in  WET  weather^  and  the  lady  in  pine  : —  Why  is 
this? 

A.  Because  the  two  figures  are  at- 
tached to  a  piece  of  cat-gut  in  such  a 
manner,  that  when  tfie  cat-gut  is  short- 
ened by  moisture,  it  pulls  the  man  out ; 
but  when  it  is  hose,  the  woman  falls  out 
by  her  own  weight. 

Q.      Why  a/re  wet  stockings  difficult  to 

PULL  ON  ?  ~ 
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A.  Because  the  moisture  penetrates 
the  threads  of  the  stockings,  and  causes 
them  to  shrink  in  size. 

.  Q.      In  which  part  of  the  day  does  the  most 

RAIN  fall  ? 

A.  More  rain  falls  by  night  than  by 
day;  because  the  cold  night  condenses 
the  air,  and  diminishes  its  capacity  for 
holding  vapor  in  solution. 

Q.  Does  more  rain  faU  in  summer  or  in  win- 
ter? 

A.  There  are  more  rainy  days  from 
September  to  March ;  but  heavier  rains 
between  March  and  September. 

Q.  Why  are  there  more  rainy  days  from 
September  to  March  than  from  March  to  September  t 

A. .  Because  the  temperature  of  the 
.  air  is  constantly  decreasing,  and  its  capa- 
city for  holding  vapor  decreases  also; 
in  consequence  of  which,  it  is  frequently 
obliged  to  part  with  some  of  its  vapor 
in  rain. 

Q.      In  what  part  of  the  world  does  rain  faU 

MOST  abundantly  ? 

A.  Hiedx  the  equator ;  and  the  quan- 
tity of  rain  decreases,  as  we  approach  the 
poles. 

Be  it  remembered  that  there  ^re  fbwer  rainy  doffs^ 
although  more  rain  actually  fiklLn  during  the  wet  Beason 
of  the  equator,  than  fklls  in  12  months  at  any  other  port 
of  the  globe. 
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WATER. 

CHAPTER  XXVII. 

Q.       Of  what  is  WATER  composed  f 

A.  Of  tiDo  gas€8y  oxygen  and  hydro- 
gen. 

In  9Ib0.  of  water— 8  are  oxygen,  and  1  is  hydrogen. 

Q.         JVhy  is  WATER  FLUID  ? 

A.  Because  its  particles  are  kept 
separate  by  latent  heat :  When  a  cer- 
tain quantity  of  this  latent  heat  is  driven 
out,  water  becomes  sdid,  and  is  called 
ice. 

By  increasing  its  latent  heat,  the  particles  of  water  are 
again  subdivided  into  iwoisiile  steam. 

Q.       Why  is  PUMP-WATER  caMed ''  hard  water  f " 
A.     Because  it  is  laden  with  foreiofn 
matters,  and   will   not  readily  dissolve* 
substances  immersed  in  it. 

Q.  IVhat  makes  pump-water  hard  t 
A.  When  it  filters  through  the  earth, 
it  becomes  impregnated  with  sulphate  of 
lime^  and  many  other  impurities  from  the 
eartfis  and  minerals  with  which  it  comes 
in  contact. 

Q.       MTuU  is  the  cause  cf  biineral  springs  T 
A.    When  water  trickles  through  the 
ground,  4t  dissolves  some  oPthe  substan- 
ces with  which  it  comes  in  contact ;  if 
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these  substances  are  metallic,  the  water 
will^partake  of  their  mineral  character. 

Some  water  is  imbued  with  lime  ;  some  with  sallj  &c.,  &4i, 

Q.  Why  is  it  iifficuU  to  wash  our  hands 
dean  with  hard  water  ? 

A.  Because  the  soda  of  the  soap  com- 
bines with  the  sulphuric  acid  of  the  hard 
water — and  the  oil  of  the  soap  with  the 
lime — and  floats  in  flakes  on  the  top  of 
the  water. 

N.  B.   Sulphate  of  lime  consists  of  sulphuric  acid  and 
lime. 

Q.       Why  is  it  diffiadl  to  wash  in  salt  water  ? 

A.     Because  it  contains  muriatic  acid  ; 
and  the  soda  of  soap  combines  with  the  ^ 
muriatic  acid  of  the  salt  water,  and  pro- 
duces a  cloudiness. 
9      Q.       What  is  the  cause  of  petrifactions  ? 

A.  While  water  rolls  underground, 
its  impurities  are  held  in  solution  by  the 
presence  of  carbonic  acid:  but  when 
the  stream  reaches  the  open  air,  its  car- 
bonic acid  escapes,  and  these  impurities 
are  precipitated  on  various  substances 
lying-  in  the  course  of  the  stream. 

These  impurities  are  especially  carbonate  of  lime  and 
iron. 

Q.       Why  does  a  black  hat  turn  red  at  the 

0BA-8IDB  ? 

A.    Because  the  muriatic  acid  of  the 
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sea  water  disturbs  the  gallic  acid  of  the 
black  dye,  and  turns  it  red. 
Q.       Of  whiU  is  SOAP  made  ? 

A.  Of  kelp  (or  the  ashes  of  sea-weed 
dried  and  burnt  in  a  pit)  mixed  with  oil 
or  fat. 

Yellow  Soap  is  made- of  whale  oil,  soda,  and  resin. 
Soft  90ap  is  made  of  oil  and  potash.  Hard  boap,  of  oil 
and  soda. 

Q.       Why  does  water  clean  dirty  linen  t 

A.     Because  it  dissolves  the  stains,  as 

it  would  dissolve  salt. 

Q.  Why  does  soap  greatly  increase  the  cleanf' 
ing  power  of  water  ? 

A.  Because  many  stains  are  of  a 
greasy  nature  ;  and  soap  has  the  pqwer 
of  uniting  imth  greasy  matters,  and  rea- 
,dering  them  soluble  in  water. 

Q.       Why  is  rain-water  soft  ? 

A.  Because  it  is  not  impregnated! 
with  eartfis  and  minerals, 

Q.  Why  is  it  Wore  easy  to  wash  tnth  sorr 
water,  than  with  hard  ? 

A.  Because  soft  water  unites  freely 
with  soap,  and  dissolves  it ;.  instead  of  de- 
composing it,  as  hard  water  does. 

,  Q.  Why  do  wood  ashes  make  hard  water- 
soft? 

A.     1st — Because  the  carbonic  acid 
of  iDood  ashes  combines  with  the  suiphate. 
14» 
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(^f  lime,  in  the  hard  water,  and  converts 
it  into  diaik :  and 

2dly — Wood  ashes  convert  some  of 
the  soluble  salts  of  water  into  insoluble, 
and  throw  them  down  as  a  sediment ;  in 
consequence  of  which,'  the  water  remains 
move  pure. 

Q.  Why  has  rain-water  mch  an  unpleasant 
8HELL,  when  it  is  collected  in  a  rain-water  tub  or 
tank? 

A.  Because  it  is  impregnated  with 
decomposed  organic  matters,  washed 
from  roofs,  trees,  or  the  casks  in  which 
it  is  collected. 

Q.       Why  does  water  melt  sugar  ? 

A.  Because  very  minute  particles  of 
water  insinuate  themselves  into  the 
pares  of  the  sugar,  by  capillary  attrac- 
tion:; and  force  the  crystals  apart  from 
each  other. 

Q.       Why  does  water  melt  salt  ? 

A.  Because  very  minute  particles 
of  wafter  insinuate  themselves  into  the 
pores  of  the  salt,  by  capillary  attraction ; 
and  force  .the  crystals  apart  from  each 
other. 

Q.  Why  does  melted  sugar  or  salt  gif>e  a 
flavor  to  water  f 

A.  Because  the  sugar  or  salt  (being 
disunited  into  very  minute  pieces)  Jhate 


SEA-WATER — STAGNANT  WATER. 

about  the  water,  and  mixe^  with  every 
part. 

Q.  Wkjf  does  HOT  toater  melt  sugar  and  saU 
QUICKER  than  cold  water  ? 

A.  '  Because  the  heat  (entering*  the 
pores  of  the  sugar  or  salt)  opena  a  pas- 
sage for  the  water. 

Q.       Why  is  SEA-WATER  brocktsh  t 

A.  1st — Because  the  sea  contains 
mines  ofsaU  at  the  bottom  of  its  bed  : 

2dly — ^It  is  impregnated  with  bitumi* 
nous  matter^  which  is  brackish  :  and 

Sdly — It  contains  many  putrid  siUh 
stances  of  a  brackish  nature. 

Q.         Why  is  NOT   RAIN-WATER    SALT,   oUhoUgh 

wiost  of  it  is  evaporated  from  the  sea? 

A.  Because  sak  will  not  evaporate; 
and  therefore  when  sea-water  is  turned 
into  vapor,  its  sctlt  is  left  behind. 

Q.         Why  does  STAGNANT  WOteT  PUTREPT  ? 

A.  Because  leaves,  plants,  insects, 
&c.,  are  decomposed  in  it. 

Q.       Why  is  STAGNANT  Water  full  of  worbm, 

tELS,  4-C.  ? 

A.  Because  numberless  insects  lay 
their  eggs  in  the  leaves  and  plants  float- 
ing on  the  surface ;  these  eggs  are  soon 
hatched,  and  produce  swarms  of  worms, 
eels,  and  insects. 
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Q.       l^kp  is  FLOWING  water  free  from  these 

IMPURITIES  ?  ^ 

A.  1st — ^Because  the  motion  of  run- 
ning* water  ^revenis  fermentation : 

2dly — It  dissolves  the  putrid  substan- 
ces which  happen  to  fall  into  it :  and 

3dly — It  casts  on  the  hank  (by  its 
current)  such  substances  as  it  cannot 
dissolve. 

Q.  Why  does  rxtnnino  water  oscillate  and 
WHfkL  in  its  current  ? 

A.  1st — ^Because  it  impinges  ag^ainst 
its  hanks^  and  is  perpetually  diverted 
from  its  forward  motion  :  and 

2dly — Because  the  centre  of  a -river 
flows  faster  than  its  sides. 

Q.       Why  do  the  sides  of  a  river  flow  more 

TARDILY  than  its  CENTRE  ? 

A.  Because  they  rob  ag-ainst  the 
banks^  and  are  delayed  in  their  current 
by  this  friction.  ,  . 

Q.       Why  does  soapt  water  bubble  ? 

A.  Because  soap  makes  the  water  te- 
nacious^  and  prevents  the,  bubbles  from 
bursting  as  soon  as  they  are  formed, 

Q.       Why  will  not  water  btibble  without  soap? 

A.  Because  it  is  not  teoacious  enoug^h 
to  hold  together  the  bubbles  that  are 
formed. 
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Q.       When  SOAP-BUBBLES  are  blown  from  a 'pipe 
tohy  do  they  ascend  ? 

A.     Because  they  me  filled  loith  warm 
breath,  which  is  lighter  than  air. 


ICE. 

CHAPTER  XXVIII. 

Q.       What  is  ice7 

A.  Frozen  water.  When  the  air 
is  reduced  to  32  degrees  of  heat,  water 
will  no  longer  remain  in  a  Jluid  state. 

Q.  Why  is  SOLID  ICE  LIGHTER  than  WATER  T 

A. .  Because  water  expands  by  freez- 
ing ;  and  as  the  biUk  is  increased,  the 
gravity  must  be  less. 

Nine  XJubic  inches  of  water  become  ten  when  fVozen. 

Q.       Why  do  EWERS  BREAK  in  a  frosty  night  ? 

A.     Because  the  water  in  them  freez- 

es  ;  and  (expanding  by  frost)  bursts  the 

ewers  to  make  room  for  its  increased 

volume. 

Q.  Why  does  U  not  expand  upwards  (like 
boiling  water)  ^  and  run  over  ? 

A.  Because  the  surface  is  frozen 
first;  and  the  frozen  surface  acts  as  a 
phig^  which  is  more  difficult  to  burst 
than  the  earthen  ewer  itself. 
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Q.  Why  do  tilbs,  stones,  and  rocks  cfim 
SPLIT  in  winter  ? 

A.  Because  the  moisture  in  them 
freezes  ;  and  (expanding  by  frost)  sp/ite 
the  solid  mass. 

Q.  In  winter-time,  foot-marks  /iTid  wheel- 
ruts  are  often  covered  with  an  icy  net-woek, 
through  the  interstices  of  which  the  soil  is  dearly 
seen : — Why  does  the  water  freeze  in  net- work? 

A.  Because  it  freezes  first  at  the 
sides  of  the  foot-prints:  other  crystals 
gradually  shoot  across,  and  would  cover 
the  whole  surface,  if.  the  earth  did  not 
absorb  the  water  before  it  had  time  to 
freeze. 

Q.  In  winter4ime^  these  foot-marks  and 
wheel-ruts  are  sometimes  covered  with  a  perfect 
sheet  of  ice,  and  not  an  icy  net-ioork : —  Why  is 
this? 

A.  Because  the  air  is  colder  and  the 
earth  harder  than  in  the  former  case,  in 
consequence  of  which,  the  entire  surface 
of  the  foot-print  is  frozen  over  before  the 
earth  has  had  time  to  absorb  the  water. 

Q.  Why  is  not  the  ice  solid  in  these  ruts  /— 
Why  is  there  only  a  very  thin  film  or  net-work  •f 

ice? 

A.  Because  the  earth  absorbs  most  (f 
the  water ^  and  leaves  only  the  icy  jHf^ 
behind. 
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Q.  Why  do  water-pipes  frequently  burst  in 
FROSTY  weather  ? 

A.  Because  the  water  in  xhemfreez^ 
es ;  and  {expanding  by  fimt)  bursts  the 
pipes  to  make  room  for  its  increased 
volume. 

Q.      Does  not  water  expand  by  heat  m  weU,a$ 

by  COLD? 

A.  Yes ;  it  expands  as  soon  as  it  is 
more  than  42  degrees,  tiU  it  boils  ;  after 
which  time,  it  flies  off  in  steam. 

Freezing  water,  82®.  212®,  Boiling  water. 


Here  A  B  measnres  the  bnlk  of  a  portion  of  water  at 
42  d^;rees. 
It  goes  on  increasing  in  bulk  to  C  D,  when  it  boils. 
It  also  goes  on  increasing.in  bulk  to  E  F,  when  it  freezes. 

Q.  When  does  water  begin  to  expand  from 
cold? 

A.  When  it  is  reduced  to  42  degrees. 
Water  is  wisely  ordained  by  God  to  be 
an  exception  to  a  very  general  rule — it 
contracts  till  it  is  reduced  to  42  degrees^ 
and  then  it  expands  till  it  freezes. 

The  general  rule  is  this— -That  cold  condenses  and  coi^ 
tracts  the  volumfi  of  nearly  everything ;  but  water  is  not 
€^tUructed  by  cold  aiter  it  freezes,  (which  it  does  at  82P). 
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Q.      Wht  does  water  expand  when  it  freezes  f 
A.     Because  it  is  converted  into  solid 
crystals  which  do  not  fit  so  closely  as  par- 
ticles of  water  do. 

Q.  Wky  is  the  bottom  of  a  river  never  fro- 
zen! 

A.  Because  water  ascends  to  the 
surface,  so  soon  as  it  becomes  colder 
than  42  degfrees ;  and  (if  it  freezes) ^^oote 
there  till  it  is  melted. 

Q.  Show  the  wisdom  of  Gk>D  in  this  wonderful 
exception  to  a  general  law. 

A.  If  ice  were  heavier  than  water,  it 
would  sink ;  and  a  river  would  soon  be- 
come a  solid  block  of  ice,  which  could 
never  be  dissolved. 

The  general  rule  is — ^that  all  substances  become  heaviif 
from  condensation ;  but  ice  is  lighter  than  water. 

Q.  Why  does  not  the  ice  on  the  surface  of  a 
river  chill  the  water  beneath  and  make  it  freeze  f 

A.  1  St — Because  water  is  a  very  bad 
conductor,  and  is  heated  or  chilled  by 
CONVECTION  only : 

2dly — ^If  the  ice  on  the  surface  were 
to  communicate  its  coldness  to  the  water 
beneath,  the  water  beneath  would  com- 
municate its  heat  to  the  ice,  and  the  ice 
would  instantly  melt :  and 

3dly — The  ice  on  the  surface  acts  as 
a  shield,  to  prevent   the   cold  air  from 
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penetrating  through  the  river ,  to  freeze 
the  water  below  the  surface. 

Q.  Why  does  water  freeze  at  the  surface 
jirst  ? 

A.     Because  the  surface  is  in  contact 
toUh  tlie  air,  and  the  air  carries  away  its  ' 
heat, 

Q.       Why  does  the  coat  of  ice  grow  thicker  ana 

THICKER  if  the  frost  CONTINUES? 

A.  Because  the  heat  of  the  water 
(immediately  below  the  frozen  surface) 
passes  through  the  pores  of  the  ice  into 
the  cold  air. 

Q.  Why  are  not  whole  rivers  frozen 
(layer  by  layer)^  tiU  they  become  solid  ice  ? 

A.  Because  water  is  so  slow  a  con- 
ductor, that  our  frosts  never  continue 
long  enough  to  convert  a  whole  river  in- 
to a  solid  mass  of  ice. 

Q.  Why  does  not  running  water  freeze  so 
PAST  as  STILL  water  ? 

A.  1st — Because  the  motion  of  the 
current  disturbs  the  crystals,  and  prevents 
their  forming  into  a  continuous  surface : 
and 

2dly — ^The  heat  of  the  under  surface 
is  communicated  to  the  upper  surface  by 
the  rolling  of  the  water. 

Q.  When  running  watej  is  frozen  why  is 
ike  ICE  generally  wry  rough  ? 
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A.  Because  little  flakes  of  ice  are 
first  formed  and  carried  down  the  stream, 
till  they  meet  some  obstade  to  stop  them ; 
(after  flakes  of  ice  (imping-ingf  against 
them)  are  arrested  in  like  manner ;  and 
the  edges  of  the  different  flakes  overlap- 
ping each  other,  make  the  surfa4:e  rough, 

Q.  WTiy  do  SOME  pa/ris  of  a  river  freeze 
LESS  than  others  ?  • 

A.  Because  springs  issue  from  the 
bottom ;  and  (as  they  bubble  upwards) 
thaw  the  ice,  or  make  it  thin. 

Q.  JVhen  persons  fall  into  a  river  in  vnnier- 
time  why  does  the  watek feel  remarkably  warm? 

A.  Because  the  frosty  air  is  at  least 
10  or  12  degrees  colder  than  the  water  is. 

The  water  below  the  surface  is  at  least  42^;  hut  the 
air  82**,  or  even  less. 

Q.  Why  is  shallow  water  frozen  more 
QUICKLY  than  deep  water  ? 

A.     Because  the  whole  volume  of  water  - 
must  be  cooled  to  42  degrees,  before  the 
surfaoe  can  be  frozen :   and  it  takes  a 
longer  time  to  cool  dow<i  a  deep  bed  of 
water  than  a  shallow  one. 

Q.  Why  is  sea- WATER  rarely  frozen? 

A.  1st — Because  the  mass  of  water 
is  80  great,  that  it  requires  a  very  long 
time  to  cool  the  whole  volume  down  to 
42  degrees : 
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2dly — The  ebb  and  flow  of  the  sea  in- 
terfere with  the  cooling  influence  of  the 
air  :  and 

3dly — *Si2&  water  never  freezes  till  the 
surface  is  cooled  down  25  degrees  bdaw 
freezing  point. 

Q.      Why  do  some  lakes  rarely  {if  eoer) 

F&EEZE  7 

'  A.  1st — Because  they  are  very  deep  : 
and 

2dly — Because  their  water  is  supplied 
by  springs^  which  bubble  from  the  bot- 
tom. 

Q.       Why  does  the  depth  of  water  retard  Us 

FREEZING  ? 

A.  Because  the  whole  volume  ofioater 
must  be  reduced  to  42  degrees,  before 
the  surf  (ice  will  freeze:  and  the  deeper 
the  water,  the  longer  it  will  be  before 
the  whole  volume  is  thus  reduced.  » 

Q.       Why  do  SPRINGS  at  the  bottom  of  a  lake 

PREVENT  its  freezing  ? 

A.  Because  they  keep  continually 
sending  forth  fresh  water,  which  pre- 
vents the  lake  from  being  reducecl  to 
the  necessary  degree  of  coldness. 

Q.  H  is  COLDER  in  a  thaw,  than  in  a  frost. 
Explain  the  reason  of  this, 

A.  When  frozen  water  is  thawed,  it 
absorbs  heat  from  the. air,  &c.,  to  melt 
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the  ice;  in  consequence  of  which,  the 
heat  of  the  air  is  greatly  reduced. 

Q.  It  is  WARMER  in  a  frost  than  in  a  thaw. 
Explain- the  reason  of  this. 

A.  When  water  freezes,  it  g^ives  out 
latent  heat,  in  order  that  it  may  be  con- 
verted into  solid  ice  ;  and,  as  much  heat 
is  liberated  from  the  water  to  the  atmos- 
phere, the  air  feels  warmer. 

Q.  Salt  dissolves  ice.  Explain  the  reason 
of  this. 

A.  Water  freezes  at  32"^,  but  saU 
and  water  will  not  freeze  till  the  air  is 
25  deg-rees  colder ;  if,  therefore,  salt  be 
added  to  frozen  water,  it  dissolves  it. 

Unless  the  thermometer  stands  below  7°. 

Q.       WIU  any  thing  dissolve  ice  besides  salt  ? 

A.  Yes ;  any  acirf,  such  as  sulphuric 
acid,  nitric  acid,  &c. 

Q.  Why  is  a  mixture  of  salt  and  snow  cold- 
er than  snow  itself? 

A.  Because  salt  dissolves  the  crystals 
of  snow  into  a  fluid :  And  whenever  a 
solid  is  converted  into  a  fluid,  heat  is  ab^ 
sorted,  apd  the  cold  made  more  intense. 

Q.       Why  does  frost  make  the  earth  crack  ? 

A.  Because  the  water  absorbed  by 
the  earth  in  warm  weather,  expanding* 
by  the  frost,  thrusts   the  particles  of 
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earth  apart  from  each  other,  and  leaves 
a  chink  or  crack  between. 

Q.  Show  the  wisdom  of  God  in  this  a/rrditge- 
ment. 

A.  These  crticks  in  the  earth  let  in 
air,  dew,  rain,  and  many  gases  favorable 
to  vegetation. 

Q.       Whp  does  the  earth  crumble  in  spring  ? 

A.  Because  the  ice  of  the  clods  dis- 
solves; and  the  particles  of  earth  (which 
had  been  thrust  apart  by  the  frost)  being 
left  unsupported,  tumble  into  minute  parts, 
because  their  cement  of  ice  is  dissolved. 

Q.       Why  does    mortar    crumble    awap  in 

7ROST  ? 

A.  Because  it  was  not  dried  in  the 
warm  weather;  therefore  its  moisture 
freezes^  expands^  and  thrusts  the  parti- 
cles of  the  mortar  away  from  each  other ; 
but  as  soon  as  the  frost  goes  the  loater 
condenses,  and  leaves  the  mortar  full  of 
cracks  and  chinks. 

Q.  Why  does  stucco  peel  from  a  wall  in 
FROSTY  weather  ? 

A.  Because  the  stucco  was  not  dried 
in  tlie  toarm  weather  ;  therefore  its  mois- 
ture ^i-eezes,  expands,  and  thrusts  its  par- 
ticles away  from  the  wall ;  but,  as  soon 
as  the  water  condenses  again   by   the 
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thaw,   the  stucco  (being  unsupported) 
faUs  by  its  own  weight. 

Q.  Why  cannot  bricklatbrs  and  plaste&ers 
work  in  prosty  weaiher  f 

A.  Because  frost  expands  mortar, 
and  causes  the  bricks  and  plaster  to 
start  from  their  position. 

Q.  Why  do  BRICKLAYERS  COVER  thdr  work 
with  STRAW  in  sjynng  and  autumn  ? 

A.  Because  straw  is  a  non-conduct- 
or; and  prevents  the  mortar  of  their 
new  work  {rotn  freezings  during  the  cold 
nights  of  spring  and  autumn. 

Q.  Why  are  water  pipes  often  covered  tnth 
STRAW  in  mnier-time  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents^the  water  of  the  pipes 
from  freezing,  and  the  pipes  from  burst- 
ing. 

Q.  ■  Why  are  delicaie  trees  covered  with  straw 
in  winter  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  sap  of  the  tree  from 
being  frozen. 

Q.  Can  WATER  be  frozen  in  any  way  be- 
sides by  frosty  xoeather? 

A.  Yes;  in  very  many  ways.  For 
example — a  bottle  of  water  wrapped  ia 
cotton^  and  frequently  wetted  with  ether; 
will  soon  freeze. 
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Q,  Why  would  water  freeze  if  the  bottle 
were  kept  constantly  tpetted  with  ether  ? 

A.  Because  evaporation  would  carry 
off  the  heat  of  the  water,  and  reduce  it 
to  the  Jj^eezing  point. 

Q.  Why  does  ether  freeze  under  the  receiv- 
er o^a»  AIR-PUMP,  when  the  air  is  exhausted? 

A.  Because  evaporation  is  very 
greatly  increased  by  the  diminxUion  of 
atmospheric  jrressure;  and  the  ether 
freezes  by  evaporation. 

FREEZING  MIXTURES. 

1.  If  nitre  be  dissolved  in  water,  the  heat  of  the  liquid 
will  be  reduced  16  degrees. 

2.  If  5  oz.  of  nitre,  and  5  of  sal-ammoniac  (both  finely 
powdered^  be  dissolved  in  19  oz.  of  water,  the  heat  of  the 
liquid  will  be  reduced  40  degrees. 

3.  If  31bs.  of  snow  be  added  to  lib.  of  salt,  the  mixture 
will  fall  to  0**  (or  32  degrees  below  freezing  point). 

The  two  following  are  the  coldest  mixtures  yet  known —  ' 

1.  Mix  31bs.  of  mui^ate  of  lime  with  lib.  of  snow. 

2.  Mix  61bs.  of  diluted  sulphuric  acid  with  41bs.  of  snow. 
Q.       Why  is  it  ntore  easy  to  swim  in  the  sea 

than  in  a  river  ? 

A.  Because  the  specific  gravity  of 
salt  water  is  greater  than  that  of  fresh ; 
and,  therefore,  it  buoys  up  the  swimmer 
better. 

Q.  How  do  cooks  ascertain  if  their  brine  he 
SALT  ENOUGH  for  vickliug  f 

A.  Ttiey  put  an  egg  into  their  brine. 
If  the  egg  sinkSj  the  brine  is  not  strong 
enough  ;  if  the  egg  jloats^  it  is. 
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Q.  Why  wUl  an  ego  sink,  if  the  brine  be  not 
STRONG  enous^hfor  pirMing  ? 

A.  Because  an  egg  will  be  the  hea- 
vkr:  but  if  as  much  scdt  be  added  as 
the  water  can.  dissolve,  an  egg  will  be 
lighter  tlian  the  strong  brine,  and  conse- 
quently float  on  the  surface. 

Q.  Why  wUl  an  egg  float  i»  strong  brinb 
and  not  in  water  ? 

A.  Because  the  specific  gravity  of 
salt  and  icater  is  greater  than  that  of 
water  only, 

Q.  Why  do  persons  sink  in  water  when  they, 
are  unskilful  swimmers? 

A.  Because  they  struggle  to  keep 
their  head  out  of  water. 

Q.  ^    Explain  how  this  is, 

A.  Wlien  the  head  is  thrown  back 
boldly  into  the  water,  the  mouth  is  kept 
above  the  surface^  and  the  swimmer  is 
able  to  breathe : 

But  when  the  head  is  kept  above  the 
surface  of  the  water,  the  chin  and  mouth 
sink  beneath  it,  and  the  swimmer  is  suf- 
focated. 

This  may  be  illustrated  thus ; — ^If  a  piece  of  wood  bo 
of  such  specific  gravity,  that  only  two  sqwire  inches  can 
float  out  of  water ;  it  is  manifest,  that  if  two  ot/ijcr  inches 
are  raised  ont.  the  two  former  inches  must  be  phin^ed  in. 
The  body  (in  floating)  resembles  this  piece  of  wood— 
If  two  square  inches  of  the  face  float  out  of  the  water,  the 
•wimmer  can  bi*eathe ;  but  if  purt  of  the  back  and  crown 
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of  the  head  be  forcibly  raised  abore  thennrfkce,  a  propor- 
tional quantity  of  the  face  most  be  plunged  in;  and  Um 
mouth  becomes  covered. 

Q.  Why  can  quadrupeds  sioim  hore  easily 
than  MAN? 

A.  1st — Because  the  trunk  of  quad- 
rupeds is  lighter  than  water ;  and  this  is 
the  greatest  p^rt  of  them :  and 

2dly — ^The  position  of  a  beast  (when 
swimming)  is  a  natural  one. 

Q.  Why  is  it  more  difficult  for  a  man  U 
stpim  than  for  a  beast  ? 

A.  1st — Because  his  body  is  more 
heavy  in  proportion  than  that  of  a  beast : 
and 

2dly — The  position  and  muscular  ac- 
tion of  a  man  (when  swimming)  differ 
greatly  from  his  ordinary  habits;  but 
beasts  swim  in  their  ordinary  position. 

Q.  Why  can  fat  men  swim  more  easily  than 
SPARE  men  ? 

A.  Because^  is  lighter  than  water; 
and  the  fatter  a  man  is,  the  more  buoy- 
ant will  he  be. 

Q.  How  are  fishes  able  to  ascend  to  the  sue* 
TACB  of  water? 

A.  Fishes  have  an  air-bladder  near 
the  abdomen;  when  this  bladder  is 
Jilled  with  air  the  fish  increases  in  size, 
and  (being  lighter)  ascends  through  the 
water  to  its  surface. 
15 
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Q.  How  are  fishe$  able  to  diye  in.a  minute  to 
the  BOTTOM  of  a  stream  ? 

A.  They  expd  the  air  from  their  air- 
bladder  ;  in  consequence  of  which,  their 
size  is  diminishedj  and  they  sink  instant* 
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CHAPTER  XXIX. 

Q.      What,  is  light  ? 

A.  Rapid  undulations  of  a  fluid  called 
ether,  made  sensible  to  the  eye  by  strik- 
ing on  the  optic  nerve. 

See  p.  51. 

Q.      How  FAST  does  light  tratel  ? 

A.  Light  travels  so*fast,  that  it  would 
go  eight  times  round  the  earth  while  a 
person  counts  "  one." 

Q.      Does  all  light  travel  equaUyfast  f 

A.  Yes;  the  light  of  the  sun — the 
light  of  a  candle — or  the  light  from- 
houses,  trees,  and  fields. 

Q.  Where  does  the  light  of  houses,  trees, 
wd  FIELDS,  came  from  ? 

A.  The  light  of  the  sun  (or  of  some 
lamp  or  candle)  is  reflected  from  their 
suTfiices. 
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Q.  Why  art  some  surfaces  brilliant  (like 
glcLss  and  steel),  and  othkrs  dull,  like  lead  ? 

A.  Those  surfaces  which  reflect  the 
most  light ^  are  the  most  brilliant;  and 
those  which  absorb  light  are  duU. 

Q.       What  is  mearU  by  reflectino  light? 

A.  Throwing  the  rays  of  light  back 
again  from  the  surface  on  which  they 
fall. 

Q.       What  is  meant  by  absorbing  light  ? 

A.  Retaining  the  rays  of  light  on 
the  surface  on  which  they  fall ;  in  con- 
sequence of  which,  their  presence  is  not 
made  sensible  by  reflection. 

Q.  Why  can  a  thousand  persons  see  the 
SAME  OBJECT  o^  the  Same  time  ? 

A.  Because  it  throws  off  from  its 
surface  an  infinite  number  of  rays  in 
all  directions ;  and  one  person  sees  one 
portion  of  these  rays,  and  another  person 
another. 

Q.       Why  is  th^EYE  pained  by  a  sudden  light  t 
A.     Because  the  nerve  of  the  eye  is 
hardened  loith  rays  before  the  pupil  has 
had  time  to  contract. 

Q.  Why  does  it  give  us  pain,  if  a  candle  be 
brought  suddenly  towards  our  bed  ai  night-time  f 

A.  Because  the  papU  of  the  eye  di- 
Jfittes  very  much  in  the  dark,  in  order  to 
admit  more  rays.     When,  therefore,  a 
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candle  is  brougrht  suddenly  before  us,  the 

enlarged  pupils  overload  the  optic  nerves 

with  raysy  which  causes  pain. 

Q.  Why  OAN  we  beak  the  candle-light  afkr  a 
few  moments  f 

A.  Because  the  pupils  contract  again 
almost  instantly ;  and  adjust  themselves 
to  the  quantity  of  light  which  falls  upon 
them. 

Q.  Why  can  we  see  nothing,  when  we  leave 
a  WELL-LIGHTED  Toomj  and  go  xtUo  the  parkes. 

£OAD  or  STREET  ? 

A.  Because  the  pupil  (which  con- 
tracted  in  the  bright  room)  does  not  dilate 
instantaneously;  and  the  contracted  pu- 
pil is  not  able  to  collect  rays  enough 
from  the  darker  road  or  street  to  enable 
us  to  see  objects  before  us. 

Q.      Why  do  we  see  better,  when  toe  get  used 

to  the  DARK? 

A.  Because  the  pupil  dilates  again, 
and  allows  more  rays  to  pass  through 
its  aperture ;  in  consequence  of  which, 
we  see  more  distinctly. 

Q.  Jf  wfi  look  at  the  SUN  far  a  few  moments, 
why  do  all  other  things  appear  dark  ? 

A.  Because  the  pupil  of  the  eye  be- 
comes so  much  contracted  by  looking  at 
the  sun,  that  it  is  too  small  to  collect  suf- 
ficient rays  from  other  objects  to  enable 
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us    to   distinguish   their  colors.      (See 
*'  Accidental  colors  f  pp.  375,  376.) 

Q.  J^we  watch  a  bright  fire  for  a  few  moments^ 
why  does  the  room  seem  dark  ? 

A.  Because  the  pupil  of  the  eye  be- 
comes so  much  contracted  by  looking  at 
the  fire,  that  it  is  too  smaM  to  collect  suf- 
ficient rays  from  the  objects  around  to 
enable  us  to  distinguish  their  colors. 

Q.  Why  can  toe  see  the  proper  colors  rf 
every  object  again,  after  a  few  minutes  f 

A.  Because  the  pupil  dilates  again 
and  accommodates  itself  to  the  light 
around. 

Q.       Why  can  tioers,  CATS,^»ii  owls,  see  in 

the  DARK  ? 

A.  Because  they  have  the  power  of 
enlarging  the  pupil  of  their  eyes  so  as  to 
collect  several  scattered  rays  of  light ; 
in  consequence  of  which,  they  can  see 
distinctly  when  it  is  not  light  enough  for 
us  to  see  any  thing  at  ail. 

Q.       Why  do  CATS  and  owls  sleep  almost  aU 

DAY? 

A.  Because  the  pupil  of  their  eyes  is 
very  broad,  and  daylight  fatigues  them ; 
so  they  close  their  eyes  for  relief. 

Q.  Why  do  cats  keep  winking,  when  they  sU 
hrfore  a  fire? 

^A.    Because  the  pupil  of  their  eye  is 
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very  broody  and  the  light  of  the  fire  is 
painful ;  so  they  keep  shutting  their  eyes 
to  relieve  the  sensation  of  too  much  light. 

Q.         Why  do  TIGERS,  OATS,  OWLS,  ^•C.,  PROWI. 

by  NIGHT  for  prey  ? 

A.  Because  they  sleep  all  day  when 
the  strong  light  would  be  painful  to 
them ;  and  as  they  can  see  clearly  in  the 
dark,  they  prowl  then  for  prey. 

Q.  Why  do  glow-worms  glisten  by  night 
only? 

A.  Because  the  light  of  day  is  so 
strong  that  it  eclipses  the  feeble  light  of 
a  glow-worm ;  in  consequence  of  which, 
glow-worms%re  invisible  by  day. 

Q.  Why  can  we  not  see  the  stars  in  the  day- 
time? 

A.  Because  the  light  of  day  is  so 
powerful  that  it  eclipses  the  feeble  light  of 
the  stars :  in  consequence  of  which,  they 
are  invisible  by  day. 

Q.  Why  can  we  see  the  stars  even  at  mid-dat, 
from  the  bottom  of  a  deep  well  1 

A.  Because  the  light  of  the  stars  is 
not  overpowered  by  the  rays  of  the  sun, 
tvhich  are  lost  in  the  numerous  reflec- 
tions which  they  undergo  in  the  well. 

The  rays  of  the  su/n  will  enter  the  well  very  obUqttdf: 
whereas,  many  stars  will  shine  directly  over  the  weU,  See 
pp.  848,  849. 
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Q.  Whai  is  the  use  of  two  etes,  since  they 
present  only  one  image  of  any  object  ? 

A.  To  increase  the  light — or  to  take 
in  nwre  rays  of  light  from  the  object 
looked  at,  in  order  that  it  may  appear 
wore  distinct, 

Q.       Why  do  we  not  see  things  double,  with 

TWO  EYES  ? 

A.  1st— Because  the  axis  of  both  eyes 
is  turned  to  one  object;  and,  therefore, 
the  same  impression  is  made  on  the  ret- 
ina of  each  eye :  and 

2dly — Because  the  nerves  (which  re- 
ceive the  impression)  have  one  point  of 
union  before  they  reach  the  brain. 

^     This  is  not  altogether  satisfactory,  although  it  is  the 
/  explanation  generiuly  g^ven.    The  phenomenon  probably 
is  rather  psychological  than  material., 

Q.       Why  do  we  see  ourselves  in  a  glass  ? 

A.  Because  the  rays  of  li^ht  from 
our  face  ^rike  against  the  surface  of  the 
gUiss^  and  (instead  of  being  absorbed) 
are  reflected^  or  sent  back  again  to  our 
eye. 

Q.      Why  are  the  rays  of  light  reflected  by 

a  MIRROR  ? 

A.  Because  they  cannot  pass  through 
the  impenetrable  metal  with  which  the 
back  of  the  glass  is  covered ;  so  they 
rebound  back,  just  as  a  marble  would  do, 
if  it  were  thrown  against  a  wall. 
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'  Q.       When,  a  marhU  is  rolled  towa/rds  a  wcM^ 
fffhai  is  the  path  through  which  it  euns  called  f 

A.     The  line  of  incidence. 
Q.       When  a  marble  reboitnds  back  again^ 
what  is  the  path  it  then  describes  called  f 

A.     The  line  of  reflection. 

Bee  figure  below.    If  AB  be  the  Une  of  incidence,  then 
BO  is  the  Une  of  reflection ;  and  vice  versa. 

Q.  When  the  light  of  ov,r  face  goes  to  the 
GLASS,  what  is  the  path  through  which  it  goes 

CALLED? 

A.    The  line  of  incidence. 

Q.  When  the  light  of  our  face  is  reflected  back 
again  from  the  mirror,  what  is  this  returning  paih 
eaUedr 

A.    The  line  of  reflection. 

Q.      What  is  the  angle  ofindderice  ? 

A.    The  angle  between  the  line  of   \ 
incidence  and  the  perpendicular. 

Q.       What  is  the  angle  of  reflection  f 

A.    The  angle  between  the  line  of 
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Let  SS  be  any  sutfaee,  PB  a  perpendicular  to  it.-*-If  a 
marble  were  thrown  from  A  to  B,  and  bounded  back  to 
0 ;  then  ABP  would  be  called  the  angle  of  incidence^  and 
CBP  the  angle  ofrefiecUon. 

Q.  Why  does  our  r^iection  in  a  mirrar  seem 
to  APPROACH  %bs^  as  we  walk  towards  it ;  and  to 
jiETiRE  FROM  MS,  OS  WE  retire  I 

A.  Because  the  liries  and  angles  of 
incidence  are  always  equal  to  the  lines 
and  angles  of  reflection  ;  in  consequence 
of  which,  the  image  will  always  seem 
to  be  as  far  behind  the  mirror  as  the  real 
object  is  before  it. 


Suppose  A  to  be  a  mirror— CA,  BA  and  DA,  PA,  the 
Knes  of  incidence;  then  GA,  KA  and  HA,  LA,  are  the 
lines  of  reflection.  When  the  arrow  is  at  CD,  its  ima^ 
will  appear  at  GH,  because  line  CA=GA,  and  line  DA=s 
HA;  and  also  the  angle  CAB=angle  GAB,  and  angle 
DAB=HAB.  For  a  similar  -reason,  if  the  arrow  were  at 
£F,  the  image  would  seem  to  be  at  KL. 

Q.  W%y  can  a  man  see  his  whole  person 
reflected  in  a  little  mirror,  nat  6  inches  in  length  f 

A.     Because  the  lines  and  angles^  of 

incidence  are  always  equal  to  the  lin^ 

and  angles  of  reflection;  in  consequence 

of  which,  his  image  will  seem  to  be  as 

15» 
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far  behind  the  mirror  as  his  person  is 
before  it. 

Take  the  last  fl^re— CD  is  mucli  larger  than  the  mir- 
TOT  A ;  but  the  head  of  the  arrow  C  is  reflected  obliquely 
behind  the  mirror  to  G;  and  the  barb  D  appears  at  H.— 
Whyl  Because  line  CA=GA,  and  line  DA=HA;  also  the 
angle  CAB=angle  GAB,  and  angle  DAB=HAB. 

Q.  WTiy  does  the  image  of  any  object  in  wa- 
ter (dways  appear  inverted  % 

A.  Because  the  an^ks  of  irwichw 
are  always  equal  to  the  angles  of  reflec- 
tion. 


Het^  the  arrow-head  A  strikes  the  water  at  F,  and  is 
reflected  to  D ;  and  the  barb  B  strikes  the  water  at  E,  and 
is  reflected  to  0. 

If  A  spectator  stands  at  G,  he  will  see  the  reflected  lines 
OE  and  DF  produced  as  far  as  G. 

It  is  very  plain,  that  A  (the  more  elevated  objefet)  will 
strike  the  water,  and  be  projected  from  it  more  perpen- 
dicularly than  the  point  B ;  and,  therefore,  the  image  will 
seem  inverted.    See  p.  345. 

Q.       WTien  we  see  our  reflection  in  watbRi 
why  do  we  seem  to  stand  on  our  head  ? 

A.     Because  the  angles  of  incidence 
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are  always  equal  to  the  angles  of  reflec- 
tion. 

Suppose  our  head  to  be  at  A,  and  onr  feet  at  B ;  then 
the  slMidow  of  our  head  will  be  seen  at  D,  and  the  shadow 
of  our  feet  at  C.    {See  figure  on  p.  846.) 

Q.  Wky  do  WINDOWS  seem  to  blaze  eU  sun- 
rise and  SUN-SET  ? 

A.  Because  glass  is  a  good  reflector 
of  light ;  and  the  rays  of  the  sun  (strik- 
ing against  the  window-glass)  are  re- 
flected^ or  thrown  back. 

Q.  Why  do  NOT  windows  reflect  the  noon-dat 
«  rays  also  f 

A.  They  do,  but  the  reflection  is  not 
seen. 

Q.  Why  is  the  reflection  of  the  rising  and 
SETTING  tun  seen  in  the  window^  and  not  that  of 

the  NOON-DAT  sfwn  1 

.  A.  Because  the  rays  of  the  noon-day 
sun  enter  the  glass  too  obliquely  for  their 
reflection  to  be  seen. 


Bun  near  the  horiaon. 
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In  the  preceding  cut,  AB  represents  a  ray  of  the  noon- 
daj  son  striking  the  window  at  B ;  its  reflection  will  be  at  0.- 

But  DB  (a  ray  of  the  rising  or  setting  sun)  will  be  re- 
flected to  £  (the  eye  of  the  spectator.) 

Q.  Why  can  we  not  see  the  reflection  €f  the 
8UN  in  a  WELL,  during  the  da^rtime  f 

A.  Because  the  rays  of  the  sun  faU 
80  obliquely  that  they  never  reach  the 
surface  of  the  water  at  all,  but  strike 
against  the  brick  sides. 

THE  SUN. 


Let  BDEC  be  the  well,  and  DE  the  water. 

The  ray  AB  strikes  against  the  brick-work  inside  the 
wall;  and 

The  ray  AC  strikes  against  the  brick-work  outside  the 
well. 
'    None  will  ever  touch  the  water  DE. 

Q.  Why  are  stars  reflected  in  a  well 
dUhough  the  sun  is  not  ? 

A.  Because  the  rays  of  those  stars, 
which  pass  nearly  over-head^  will  not  fall 
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so  obliquely  into  the  well  as  the  rays  of 
the  sun. 


THE  MOON  OR  A  STAR. 
•  A 


Here  the  star's  rays  AB,  AC,  both  strike  the  water  DE, 
and  are  reflected  by  it. 

Q.  On  a  lake  cf  water ^  the  moon  seems  to  make 
a  PATH  of  light  towards  the  eye  of  the  spectator^  white 
all  the  REST  of  the  lake  seems  dark — Why  is  this  ? 

A.  Because  the  lake  is  in  deep  sha- 
dow ;  and  many  rays  which  would  be 
eclipsed  by  the  broad  light  of  day  be- 
come visible. 

The  same  path  of  light  may  be  discerned  in  the  day-time, 
when  a  cloud  passes  over  the  sun. 

Q.  In  a  sheet  of  water  at  noory^  the  sun  appears 
to  shine  upon  only  one  spot,  and  all  the  rest  of  the 
Vfater  seems  dark — ^Wht  is  this  ? 

A.  Because  the  rays  fall  at  various 
degrees  of  obliquity  on  the  water,  and 
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are  reflected  at  simUw  angles ;  but. as 
only  those   which  meet  the  eye  of  the 
spectator  are  visible,  all  the  water  will 
'  appear  dark  except  that  oife  spot. 


Here,  of  the  rays  SA,  SB,  and  SC,  only  the  ray  SC 
meets  the  eye  of  the  spectator  D. 

The  spot  C,  therefore,  will  appear  luminous  to  the  spec- 
tator D,  but  no  other  spot  of  the  water  ABC. 

Q.  Why  are  more  stars  visible  from  a  MotN- 
TAiN  than  from  a  plain? 

A.  Because  they  have  less  air  to  pass 
through.  As  air  absorbs  and  diminishes 
light ;  therefore,  the  higher  we  ascend, 
the  less  light  will  be  absorbed. 

Q.  Why  do  the  sun  and  moon  seem  laboer 
at  their  rising  and  settino,  than  at  any  other 
time? 

A.  Because  the  arch  of  the  sky  (in 
which  the  sun  and  moon  are  seen)  is 
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further  distant  at  the  horizon  than  it  is 
over-head. 


Let  MM  be  th<  orbit  of  the  sun  or  moon. 

Let  BD  be  the  arch  of  the  sky,  in  which  the  sun  and 
moon  are  seen  by  ns. 

It  will  be  seen  from  the  fiffure,  that  the  sun  or  moon  at 
the  horizon  will  appear  much  larger,  because  CD  is  longer 
than  CB. 

The  Phenomenon  referred  to  on  p.  360,  (called  the  hor- 
izontal Sun  and  Moon),  has  perplexed  philosophers  to  the 
present  hour.  The  solution  given  is  not  altogether  satis- 
fectory— Sir  J.  Herschell  says,  '"  The  dilated  size  of  the 
sun  or  moon,  when  seen  near  the  horizon,  has  nothing  to 
do  with  rffracUon.  It  is  an  illusion  of  ihQfudgment^  aris- 
ing from  the  terrestrial  objects  interposed,  or  placed  m. 
comparison  with  them.  Actual  measurement  with  a  pro- 
per instrument  corrects  our  error,  without,  however,  dis- 
pelling our  illusion—the  whole  is  owing  to  the  e£f^t  ot' 
faraUax,** 
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Q.  Why  can  we  not  see  into  the  street  of 
road,  when  candles  are  lighted  ? 

A.  1st — Because  glass  is  a  reflector, 
and  throws  the  candle-light  back  into  the 
room  again :  and 

2dly^-The  pupil  of  the  eye  (having 
become  contracted  by  the  light  of  the 
room)  is  too  smaU  to  collect  rays  enough 
from  the  dark  street  to  enable  us  to  see 
into  it. 

Q.  .  Why  do  toe  cflm  iee  the  fiile  reflected 
in  our  parlor  window  in  tointer-time  ? 

A.  Because  glass  is  a  good  reflector  ; 
and  the  rays  of  the  fire  (striking  against 
the  window-glass)  are  refl,ected  back  into 
the  room  again. 

Q.  Why  do  we  often  see  the  image  of  our  can- 
dles in  the  window,  while  we  are  sitting  in  our 
parlor? 

A.  Because  the  rays  of  the  candle 
(striking  against  the  glass)  are  reflected 
bcuJc  into  the  room ;  and  the  darker  the 
night,  the  clearer  the  reflection. 

Q.  Why  is  this  reflection  more  clear,  if  the 
external  air  be  dark  ? 

A.  Because  the  reflection  is  not 
eclipsed  by  the  brighter  rays  of  the  sun 
striking  on  the  other  side  of  the  window. 

Q.  J^  the  SHADOW  of  cm  object  be  thrown  on  a 
toall-'^he  CLOSER  the  object  is  held  to  the  candle^ 
the  larger  toill  be  its  shadow.      Why  is  this  ? 
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A.  Because  the  rays  of  li^ht  diverge 
(from  the  flame  of  a  candle)  in  straight 
lines  like  lines  drawn  from  the  centre  of 
a  circle. 


Here  the  arrow  A  held  close  to  the  candle,  will  cast' the 
sliadow  BF  on  a  wall ;  while  the  same  arrow  held  at  C 
would  cast  only  the  little  shadow  DE. 

Q.  When  we  enter  a -long  avenue  cf  trees, 
WHY  does  the  avenue  seem  to  get  narrower  and 
narrower  till  the  two  sides  appear  to  meet  ? 

A.  Because  the  further  the  trees  are 
off^  the  more  a/^ute  loiU  he  the  angle  that 
any  opposite  two  make  with  our  eye. 


.  j^  ,    €?     ^ 


■^r;^: 


Sr — 


iz^^t, 


Here  the  width  between  the  trees  A  and  B  will  seem  to 
be  as  great  as  the  line  AB: 
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But  the  mdth  between  the  trpes  0  and  D  will  seem  to 
be  no  more  than  EF. 

Q.  In  a  long^  straight  street,  wht  do  the 
houses  on  the  oppesite  sides  seem  to  approach  NEAREa 
together  as  they  are  more  distant  ? 

A.  Because  the  more  distant  the 
houses  are  the  more  acute  wUl  be  the  an- 
gle which  any  opposite  two  make  with 
our  eye. 

Thus  in  the  last  fig^ure, 
If  A  and  B  were  two  houses  at  the  top  of  the  street,  the 
street  would  seem  to  be  as  wide  as  the  line  AB  : 

And  if  C  and  D  were  two  houses  at  the  bottom  of  the 
street,  the  street  there  would  seem  to  be  no  wider  than 
EF. 

Q.  In  an  avenue,  wht  do  the  trees  seem  to 
be  SAf  aller.  as  their  distant  increises  ? 

A.     Because  the  further  the  trees  are 
q^j'the  more  a^iUe  will  be  the  angle  made  ' 
by  their  perpendicular  height  with  our 
eye^ 


^  Here  the  first  tree  AB  will  appear  the  height  of  the 
line  AB ;  but  the  last  tree  CD  will  appear  only  as  high  as 
the  line  EF. 

Q.  In  a  long,  straight  street,  wht  do  the 
houses  seem  to  be  smaller  and  smaller,  the  further 
they  are  ope  ? 

A.  Because  the  further  any  house  is 
q^  the  more  acute  will  be  the  angle  made 
by  its  perpendicular  height  with  our  eye. 
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Thus  in  the  last  flgare, 

If  AB  be  a  house  at  the  top  of  the  street,  its  perpendic- 
nlar  height  will  be  that  of  the  line  AB. 

If  CD  be  a  house  at  the  bottom  of  the  street,  its  perpen- 
dicular height  will  appear  to  be  that  of  £F. 

Q.  Why  does  a  man  on  the  top  of  a  moun- 
tain, or  chv/rch  spirCy  seem  to  be  no  biggea  than  a 

CROW? 

A.  Because  the  angle  made  in  our 
eye  by  the  perpendicular  height  of  the 
man  at  that  distance,  is  no  bigger  than 
that  made  by  a  crow  close  by. 


^A 


^'■^^^ 


Let  AB  be  a  man  on  a  distant  mountain,  or  spire,  and 
CD  a  crow  close  by : 

The  man  will  appear  only  as  high  as  the  line  CD,  which 
is  the  height  of  the  crow. 

Q.       Why  does  the  mooi^  appear  to  us  so  much 
LARGER  than  the  stars,  though,  in  fact,  it  is  a  great 

deal  SMALLER  %  4 

A.     Because  the  moon  is  very  much 
nearer  to  us  than  any  of  the  stars. 


Q--*.-. 


^>^ 


356  LIGHT. 

Let  AB  represent  a  fixed  star,  and  CD  the  moon. 

AB,  though  much  the  larger  body,  will  appear  no  big- 
ger than  EF ;  whereas  the  moon  (CD)  will  appear  as  large 
as  the  line  CD  to  the  spectator  Gt. 

The  moon  is  240,000  miles  from  the  earth,  not  quite  a 
quarter  of  a  mi^^ion^  of  miles.  The  nearest  fixed  stars  are 
20,000,000,000,000.    (i.  e.,  20  billions.) 

If  a  ball  went  500  miles  an  hour,  it  would  reach  the 
moon  in  twenty  days :  but  it  would  not  reach  the  nearest 
fixed  star  in  4,500,000  years.  Had  it  beg^n,  therefore, 
when  Adam  was  created,-  it  would  be  no  further  on  its 
journey  than  a  coach  (which  has  to  go  from  the  Land's 
End,  Cornwall,  to  the  most  northern  parts  of  Scotland) 
after  it  has  passed  about  three-quarters  of  a  mile.  • 

Q.  •  Why  does  the  moon  {which  is  a  sphere) 
APPEAR  to  be  a  FLAT  surfoce  ? 

A.  Because  if  is  so  far  off  that  we 
cannot  distinguish  any  difference  be- 
tween the  length  of  tfie  rays  issuing  from 
the  edge  and  those  which  issue  from  the 
centre. 


The  rays  AD  and  CD  appear  to  be  no  longer  than  the 
ray  BD  ;  but  if  all  the  rays  seem  of  the  same  length,  the 
part  B  will  not  seem  to  be  nearer  to  us  than  A  and  C :  and 
therefcre  ABC  will  look  like  a  flat  or  straight  line. 

The  rays  AD  and  CD  are  240,000  miles  long. 

The  ray  BD  is  238,910  miles  long. 

Q.  Whi/  do  the  sun  and  stars  (which  are 
spheres)  appear  to  be  plat  surfaces  ? 

A.  Because  they  are  such  an  im* 
nwme  way  off^  that  we  can  discern  no 
difference  of  length  between  the  rays 
which  issue  from  the  edge  and  those 
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which  issue  from  the  centre >of  these  bo- 
dies. 

The  rays  AD  and  CD  appear  no  longer  than  BD ;  and 
as  B  appears  to  be  no  nearer  than  A  or  C,  therefore  A,  B, 
0,  must  all  seem  equally  distant;  and  ABC  will  seem  a 
fiat  or  straight  line.    {See  last  figure ,  p.  866.) 

Q.  Whp  does  distance  make  an  object  in- 
visible ? 

A.  Because  no  visible  perpendicular 
can  be  inserted  between  the  lines  which 
form  the  ang-le ;  or  because  the  lines 
actually  cross  before  they  meet  our  eye. 


Here  the  tree  AD  would  not  be  visible  to  the  spectator  C, 
even  if  he  were  to  approach  as  far  as  B ;  because  no  visi- 
ble perpendicular  can  be  iaserted  between  the  two  lines 
AC,  DC,  at  the  point  B,  and  after  B  the  lines  would  cross : 
Therefore,  the  tree  would  be  invisible  from  C,  till  after  the 
spectator  had  passed  B. 

Q.  Why  do  telesgof£:s  enable  us  to  see 
ol3Ject0  invisible  to  the  naked  eye? 

A.  Because  'they  g^ather  toofether 
more  luminous  rays  from" obscure  objects 
than  the  eye  can;  and  form  a  brig-ht 
image  of  them  in  the  tube  of  the  tele- 
scope where  they  are  mag-nified. 

As  many  times  as  the  dimensions  of  the  ohject-glass  ex- 
ceed the  dimensions  of  the  pupil  of  the  eye,  so  many  times 
the  penetrating  powers  of  the  telescope  will  exceed  thai 
of  the  naked  eye. 
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Q.  When  41  SHii'  (oirf  aJt  sea)  is  approaching 
the  share,  why  do  we  see  the  smaU  masts  before  fJK 
see  the  bulky  hull  ? 

A.  Because  the  earth  is  round  ;  and 
the  curve  of  the  sea  hides  the  huU  from 
our  eyes  after  the  tall  masts  have  become 
visible. 


Here,  only  that  part  of  the  ship  above  the  line  AG  can 
be  seen  by  the  spectator  A ;  the  rest  of  the  ship  is  hidden 
by  the  swell  of  the  curve  DE. 

Q.       What-is  meant  by  refraction  ? 

A.  Bending  a  ray  of  light,  as  it  passes 
from  one  medium  to  another. 

Q.  Haw  is  a  ray  of  light  bent,  a>s  it  passes 
from  one  medium  to  another  ? 

A.  When  a  ray  of  light  passes  into  a 
denser  medium  it  is  bent  toicards  ihe  per- 
pendicular. When  ii  passes  into  a  rarer 
medium  it  is  bent  from  the  perpendicqlar. 
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Suppose  BE  to  be  a  perpendicolar  line. 

If  AB  (a  ray  of  li^ht)  enters  the  water,  it  will  be  bent 
Uwardi  the  perpendicular  to  C. 

If  (on  the  other  hand)  CB  (a  ray  of  light)  emerges 
from  the  water,  it  would  oe  bent  away  fro-ni  the  perpen- 
dicolar towards  A. 

Q.  Why  does  a  spoon  {in  a  glass  of  water) 
always  appear  bent  % 

A.  Because  the  light  (reflected  from 
the  spoon)  \^refracted  as  \i  emerges  from 
(he  icater. 

See  Fig,  2,  p.  858.  The  spoon  ABC  will  appear  bent,  like 
ABD. 

Q.  Why  does  a  river  always  appear  more 
shallow  than  it  really  is  f 

A.  Because  the  light  of  the  bottom 
of  the  river  is  refracted,  as  it  emerges 
out  of  the  water. 

See  Fig.  2,  p.  358.  The  bottom  of  the  river  will  appear 
elevated  like  the  bowl  of  the  sjKwn  D. 

Q.  How  much  deeper  is  a  river  than  it  seems 
to  be? 

A.  About  one-third.  If,  therefore,  a 
river  seems  only  4  feet  deep,  it  is  really 
6  feet  deep. 

The  exact  apparent  depth  would  be  4|.  To  find  the 
real  depth,  multiply  by  4  and  divide  by  3— thus  4|X4-f-3 
=6,  real  depth. 

N.  B.  Many  boys  eet  out  of  their  depth  in  bathing,  in 
consequence  of,  this  deception.  Remember,  a  river  is  al- 
ways one-third  deeper  than  it  appears  to  be :— thus,  if  a 
river  seems  to  be  4  feet  deep,  it  is  in  reality  nearly  6  feet 
deep,  and  so  on. 

Q.  Why  do  fishes  seem  to  be  nearer  the  sv/rfau 
if  a  river  than  they  really  are? 
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A.  Because  the  rays  of  light  from 
the  fish  are  refracted^  as  they  emerge  from 
the  eye :  and  (as  a  bent  stick  is  not  so 
far  from  end  to  end,  as  a  straight  one) 
so  the  fishes  appear  nearer  to  our  eye 
than  they  really  are. 

Stecl?^^.  2,jp.868. 
Q.       Why  are  some  persons  nea&-sighted  % 

A.  Because  the  cor'nea  of  their  eye 
is  so  prominent^  that  the  image  of  distant 
objects  Ms  formed  before  it  reaches  the 
RETINA ;  and,  therefore,  is  not  distinctly 
seen. 

Q.       WhcU  is  meant  by  the  "cor'nea  of  the- 

EYE?" 

A.  All  the  ovtside  of  the  visible  part 
of  the  eye-baU. 

The  curre  ABC  is  called  the  cor'- 
nea. 

If  this  caire  be  too  prominent 
(or  convex),  the  eye  is  near-sighted. 

If  too  flat  (or  concave),  the  eye  is 
far-sighted. 

Q.       What  is  meant  by  the  "  ret'ina   of  the 

EYE?" 

A,  The  net-work,  which  lines  the 
bctck  oft/ie  eye,  is  called  the  ret'ina. 

OThe  net-work  ABC  is  called  the  ret'- 
ina, and  the  projecting  part  D£F  is  called 
the  cor'nea. 
V     N.  B.  This  net-work  is  composed  of 
a  spreading  ont  of  the  fibres  of  the 
- -*=^-  -         nerve  of  vision. 
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Q.         WhcA  SCri    fjf  GLASSES  dA    NBAR-SIOfiTED 

persons  wear  ? 

A.  If  the  cornea  be  too  convex  (or 
projecting"),  the  person  must  wear  double 
concave  glasses^  to  counteract  it. 

Q.  WhU.  is  meant  by    '<  double  concave 

GLASSES  ?" 

A.     Glasses  hollowed-in  on  both  sides. 


I 


The  figure  A  is  double  concave,  or  concave  on 
both  sides. 


Q.  Where  is  the  image  of  objects  formsdj  if 
the  cornea  be  too  convex  ? 

A.  If  the  cornea  be  too  convex,  the 
image  of  a  distant  object  is  formed  in 
the  vitreous  humors  of  the  eye,  arid  not 
on  the  ret'ina. 


Thus  the  Imaee  is  formed  at  BIL 
and  not  on  ABC  (the  r«lfna). 


Q.  What  is  the  use  of  double  convex  spec 
tacle  glasses  f 

A.  To  cast  the  image  farther  hack; 
in  order  that  it  may  be  thrown  upon  the 
ret'ina  and  become  visible. 

Q.       Why  are  old  people  par-sighted  ? 

A.  Because  the  humors  of  their  eyes 
are  dried  up  bp  age  ;  in  consequence  of 


362  I.IGHT. 

which,  the  cor'nea  pnks  in,  or  becomes 
flattcQed. 

Q.  Why  does  the  flattening  cf  the  co&'nea 
prevent  persons  seeing  objects  which  are  near  ? 

A.  Because  the  cor'nea  is  too  flat, 
and  the  image  of  near  objects  is  not 
completely  formed,  when  their  rays  reach 
the  retina;  in  consequence  of  which, 
the  image  is  imperfect  and  confused. 


Thtf  perfect  image  is  made  atvDE; 
and  not  ob  ABO  (the  retinn). 


Q.  •    Whc^sorfof  glasses  do  old  feoph  wear  ? 

A.'  As  their  'corjaea  is  not  sufficiently 
convex,  they  must  use  douhle  convex 
glasses,  to  enable  them  to  see  objects 
near  §i  hand. 

Q.       Wlktt  sort  of  glasses  are  ^^  double  convex 

SPECTACLE-GLASSES  ?" 

A.  Glasses  which  curve  outwards  on 
both  sides. 


« The  figure  A  Is  #ouble  conyex^  or  convex  on  both 
sides.   ' 


Q.      What  is  the  use  of  dovbl^  conrvsL^pec- 
tade-glassesT 

A.    To  shorten  the  Jhcus  of  the  ey^ 
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and  bring  the  image  of  distant  objects 
upon  the  ret'ina. 

Q.  Why  do  near-sighted  persons  bring  objects 
CLOSE  id  the  eye^  in  order  to  see  them? 

A.  Because  the  distance  between 
the  front  and  hack  of  the  eye  is  so  great j 
that  the  image  of  distant  objects  is  form- 
ed in  front  of  the  ret'ina  ;  but  when  ob- 
jects are  brought  near  to  the  eye^  their 
image  is  thvovfn  further  backy  and  made 
to  fail  on  the  ret'ina.  '' 

Q.  JVhy  do  OLD  people  hold  objects  far  off^ 
in  order  to  see  them  better*? 

A.  Because  the  distance,  between 
the  front  and  hack  of  their^  eyes  js  not 
g7'eat  enough :  whgn,  however,  objects 
are  held  further  off,  it  compensates  for 
this  defect ;  and  a  perfect  image  is  form- 
ed on  the  ret'ina.  • 

Q.  Why  art  hawks  able  to  sM  such  an  im- 
mense way  off? 

A.  Because  they  have  a  muscle  in 
the  e/e  which  enables  them  to  flatten 
their  co^r'nea^  by  drawing  back  the  crys- 
talline lens.  .  See  p.  ^2. 

This  muscle  is  called  the  Marsupium.* 
Q.       Why  coik  hawks  see  objects  within  half-an^ 

inch  af  their  eye^  as  we^l  as  thpse  a  long  way  off? 
A.     Because  their*  eyes  are  furnished 

witb  a  flexible  bony  rim,  which  throws 
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the  cornea  forward^  and  makes  the  hawk 
near-sighted.     See  p.  360. 

Q.      ItUo  how  many  parts  may  a  eay  of  light 

6e.  DIVIDED? 

A.  Into  three  parts :  Blue,  Yellow, 
and  Red. 

N.  B.  These  three  colon,  hy  comhination,  make  seyen. 
1.-»-Red.  2. — Orange  (or  red  and  yellow).  3. — ^Yellow. 
4. — Green  (or  yellow  and  blue).  5. — Blue.  6. — Indigo 
(a  shade  of  blue) ;  and  7. — ^Violet  (or  blue  and  red). 

Q.  How  is  U  knowh^  thai  a  ray  cf  light  c&nr 
sisis  €f  several  differerU  colors  ? 

A.  Because,  if  a  ray  of  light  be  cast 
upon  a  triangular  piece  of  glass  (called  a 
prism),  it  will  be  distinctly  divided  into 
seven  colors:  -1. — ^Red;  2» — Orange; 
3. — Yellow  ;  4. — Green  ;  5. —  Blue ; 
6. — Indigo ;  and  7.— Violet. 

Q.  Why  does  a  p^tsm  divide  a  ray  of  ligJU 
irUo  various  colors  ? 

A.  Because  all  these  colors  have 
different  refractive  susceptibilities.  Red 
is  refracted  least,  and  blue  the  most; 
therefore,  the  blue  color  of  the  ray  will 
be  bent  to  the  top  of  the  prism,  and  the 
red  will  remain  at  the  bottom. 


Here  the  nj  AB  (received  on  a  prism  at  B),  would 
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have  the  bine  part  bent  np  to  C ;  the  yellow  part  to  D; 
and  the  red  part  no  further  than  B.  *  * 


Q. 

ray? 

A. 


What  is  meant  by  the  refraction  of  a 
Bending  it  from  its  straight  line. 


Thns  the  ray  AB  of  the  last  figure  is  refVacted  at  B  into 
three  courses,  C,  D,  and  £. 

Q.       What  is  the  cause  of  a  rainbow  ? 

A.  When  the  clouds  opposite  the  sun 
are  very  darkj  and  rain  is  still  falling 
from  them,  the  rays  of  the  bright  sun 
are  divided  by  the  rain-drops^  as  they 
would  be  by  a  prism. 


Let  A,  B,  and  C,  be  three  drops  of  rain ;  SA,  SB,  and 
8C,  three  rays  of  the  sun.  SA  is  divided  into  three  col- 
ors ;  the  blue  and  yellow  are  bent  above  the  eye  D,  and  the 
red  enters  it. 

The  ray  SB  is  divided  into  the  three  colors  j  the  blue  is 
bent  aJbom  the  eye,  and  the  red  falls  })elov3  the  eye  D ;  but 
the  yellaw  enters  it. 

The  ray  SC  is  also  divided  into  the  three  colors.  The 
blue  (which  is  bent  most)  enters  the  eye  \  and  the  other 
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two  Ml  below  it.  Thus  the  eye  sees  the  blue  of  C,  and 
of  all  drops  in  the  position  of  C ;  the  yellow  of  B,  and  of 
all  drops  m  the  position' of  B ;  and  the  red  of  A,  and  of 
all  drops  in  the  position  of  A ;  and  thus  it  sees  a  rainbow. 

Q.      Does  EVERT  person  see  the  same  colors  from 

the  SAME  DROPS  ? 

A.  No  ;  no  two  persons  see  the  swm 
rainbow. 

To  another  spectator,  the  rays  from  SB  might  be  f«i 

instead  of  yellow;  the  ray  from  SC  yellow;  and  the  bine 

>  might  be  reflected  from  some  drop  below  C.    To  a  (hiiri 

person,  the  red  may  issue  from  a  drop  above  A,  and  then 

A  would  reflect  the  yellow,  and  B  the  blue,  and  so  on. 

Q.  Why  are  there  often  two  rainbows  <U  om 
and  the, same  time? 

A.  In  one  rainbow  we  see  the  rays 
of  the  sun  entering  the  rain-drops  at  the 
top^  and  reflected  to  the  eye  from  1h 
bottom. 

In  the  other  rainbow,  we  see  the  rays 
of  the  sUn  entering  the  rain-drops  at  the 
bottomTj  and  reflected  to  the  top,  whence 
they  reach  the  eye. 


--fA^2K-..l^ 


«fo — 

Here  the  ray  SA  (of  the  primary  rainbow)  strikes  the 
orop  at  A— is  refracted  or  bent  to  B— is  then  reflected 
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to  0,  where  it  is  refracted  again,  and  reaches  the  eye  of 
the  spectator.    (^See  below.^ 


Here  the  ray  of  SB  (of  the  secondary  rainbow)  strikes 
the  drop  at  B— is  refVacted  to  A— is  then  reflected  to  C 
—is  again  reflected  to  D,  when  it  is  again  refracted  or 
bent,  till  it  reaches  the  eye  of  the  spectator. 

Q.       Whj^  are  the  colorb  rfthe  second  b0w  aU 

REVERSED  7 

A.  Because  in  one  bow  we  see  the 
rays,,  which  enter  at  the  top  of  the 'rain- 
drops, refracted  from  the  bottom  : 

But  in  the  other  bow  we  see  the  rays 
which  enter  at  the  bottom  of  the  rain- 
drops (after  two  reflections),  refracted 
from  the  top. 

See  figure  on  next  page. 

Here  ABC  represent  three  drops  of  rain  in  the  sbcon- 
DART  (or  upper)  rainbow. 

The  least  refracted  line  is  red,  and  blue  the  most. 

So  the  RED  (or  least  refracted  rays)  of  all  the  drops  in 
the  position  of  A— the  yellow  of  tnose  in  the  position 
of  B — ^and  the  blue  (or  the  most  refhicted  rays)  of  the 
lowest  drops,  all  meet  the  eye  D,  and  form  a  rainbow  to 
the  spectator. 

The  reason  why  the  primary  bow  exhibits  the  stronger 
colon  is  this— because  the  colors  are  seen  after  om  refleo- 
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tion  and  two  refraction^ ;  but  the  colors  of  the  secondary 
(or  upper)  rainbow,  undergo  ttoo  reflections  and  Iwo  re- 
nactions. 

{See  figure  on  p,  365.)  Here  also  the  least  refracted  ray 
is  RED,  and  the  most  refracted  blue  (as  in  the  former  case) ; 
but  the  position  of  each  is  reversed. 

Q.       WTiy  does  a  soap  bubble  exhibit  suck  a 

VARIETY  of  COLORS  ? 

A.     Because  the  thickness  of  the  JUm 


rays   pass,  is  con- 


through  which   the 
stantly  varying*. 

Q.  How  does  the  thickness  of  the  film  iiffect 
the  COLOR  of  the  soap  bubble  ? 

A.  Because  different  degrees  of  thick- 
ness in  the  film  produce  different />ou?er« 
of  refraction ;  and,  therefore,  as  the  thick- 
ness of  the  fihn  varies,  different  colors 
reach  the  eye. 

Q.       Why  is  a  soap 

OHANGINa  Us  THICKNESS  ? 


BUBBLE   SO   constanUf 
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A.  Because  the  water  nins  doion 
from  tfie  top  to  the  bottom  of  the  bubble, 
till  the  crown  becomes  so  thin  as  to 
burst. 

Q.       Why  are  the  kUe  evening  clouds  red  % 
A.     Because  red  rays,  being  the  leojst 
refrangible,  are  the  last  to  disappear. 


Suppose  PA  to  be  a  red  ray,  PB  yellow,  and  PC  blue— 
if  the  earth  turns  in  the  direction  of  GBD,  it  is  quite  man- 
ifest that  a  spectator  standing  at  0  or  B  (carried  round, 
in  the  same  direction),  would  lose  sight  of  the  red  rayi 
(A)  last  of  all. 

Q.       Why  are  the  early  morning  clovds  red  ? 

A.     Because  red  rays  being  the  leasts 

refrangible  are  the^rs^  to  appear. 

See  last  figure. — We  must  suppose  the  sun  to  be  on  the 
left  side  of  the  diagram — or  (what  will  answer  the  same 
purpose)  suppose  the  earth  to  be  turning  in  the  direction 
of  DAP,  then  it  is  quite  clear,  that  every  person  on  the 
earth's  surface  will  pass  under  A  (the  red  rays)  before  he- 
passes  under  B  or  C,  (and  therefore  his  early  morning 
rays  will  be  red.) 

Q.       Why  are  the  edges  o^  clouds  more  lumin* 
ous  than  their  centres? 
16* 
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A.  Because  the  body  qf  vapor  is  thin- 
nest at  the  edges  of  the  clouds. 

Q.       WJuU  is  the  cause  of  morning  and  evening 

TWILIGHT  ? 

A.  When  the  sun  is  below  the  hori- 
zon, the  rays  which  strike  upon  the 
atmosphere  or  clouds  are  bent  down 
towards  the  earth,  and  produce  a  little 
light  called  twilight. 

See  figure  on  p.  369.-— Here  the  rays  of  PA  will  give  satM 
light. 

Q.  Why  is  a  ray  of  light  composed  of  vari- 
ous COLORS  ? 

A.  To  vary  the  color  of  different 
objects.  If  solar  light  were  of  one  color 
only,  all  objects  would  appear  of  that  one 
color,  or  else  black. 

Q.  Some  things  are  of  one  color,  and  some 
^ANOTHER.     Explain  the  cause  of  this. 

A.  As  every  ray  of  light  is  composed 
of  aH  the  colors  of  the  rainbow ;  some 
things  reflect  one  of  these  colors  and  some 
another, 

Q.  Wht  do  some  things  reflect  one  color,  and 
same  another  ?  s  • 

A.  Because  the  surface  of  things  is 
so  differently  constructed,  both  physically 
and  chemicatly. 

Q.       Why  is  a  rose  red  7 

A.    Because  -the  surface  of  a  rose  a6- 
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9orb8  the  blue  and  yellou)  rays  of  light| 
and  reflects  only  the  red. 

Q.       WJty  is  a  violet  blue  t 

A.  Because  the  surface  of  the  violet 
absorbs  the  red  and  yellow  rays  of  the  sun, 
and  reflects  the  blue  only. 

Q.       Why  IS  a  primrose  yellow  ? 

A.  Because  the  surface  of  the  prim- 
rose absorbs  the  blue  and  red  rays  of  solar 
light,  and  reflects  the  yellow. 

The  chief  reason  why  some  rays  are  absorbed  and  otheif 
reflected  is,  because  the  corpuscles  which  compose  the  col* 
ored  substance  vary  in  magnitude : — thus,  for  example,  if  v 
the  diameter  of  a  corpuscle  of  equal  density  with  air  be 
21  millionth  of  an  inch,  it  will  reflect  purple ;  if,  on  the 
other  hand,  it  be  29  millionth  of  an  inch,  it  will  reflect 
red,  and  so  on. 

Q.       Why  are  some  things  black  ? 

A.  Because  they  absorb  aU  the  rays 
of  light  and  reflect  none. 

Q.       Why  are  some  things  white  % 
^.     Because  they  absorb  none  of  the 
rays  of  light,  but  reflect  them  all. 

Q.       Why  are  coals  black  t 

A.  Because  they  abs(yrb  all  the  rays 
of  the  sun  which  impinge  upon  them. 

Q.  Why  are  froth,  and  spray,  and  many 
clouds,  white  ? 

A.  Because  they  consist  of  an  infinite 
number  of  small  bubbles  or  vesicles, 
which  act  like  prisms  in  dividing  the 
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rays  of  light ;  which,  by  uniting  again 
before  they  meet  the  eye,  give  the  ap- 
pearance of  white. 

Q.       Why  are  snow,  sugae,  aful  salt  white  ? 

A.     (See  page  312.) 

N.  B.  The  combination  of  aU  colors  makes  whits. 

Q.       Whjf  are  the  leaves  ofplarUs  green  ? 

A.  Because  a  peculiar  chemical  prin- 
ciple, called  chlorophyll,  is  formed  within 
their  cdls ;  which  ^has  the  property  of 
absorbing  the  red  rays  and  of  reflecting 
the  blue  and  yellow;  which  mixture 
produces  green. 

Chlorophyll  (yXaipoy  ^vXXoy,  a  green  leaf)  is  the  green 
matter  of  vegetable  substances.    J^ronounce  klo-ro-Sl. 

Q.       Why  are  leaves  a  light  green  in  sprino  % 

A.  Because  the  chlo  rophyll  is  not 
fully  formed. 

Q.       Why  do  leaves  turn  brown  in  autumn  ? 

A.  Because  the  chlorophyll  under- 
goes decay^  and  is  not  replaced  as  it  is 
in  spring. 

Q.  Why  are  plants  a  pale  yellow,  when 
kept  in  the  dark? 

A.  Because  chlo'rophyll  can  be  form- 
ed only  by  the  agency  of  the  sun^s  rays. 

Q.       Why  are  potatoes  yellow  ? 

A.  Because  they  are  grown  under* 
ground;  and,  therefore,  can  form  no 
chlorophyll  in  their  tubers. 
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Q.  WTiy^are  potatoes  which  grow  exposed  to 
the  air  and  light  green  ? 

A.  Because  chlo'rophyll  is  formed  in 
them  under  the  influence  of  the  sun's 
light. 

Q.       Why  are  soke  things  teanspaeent  ? 

A.  Because  every  part  between  the 
two  surfaces  has  a  uniform  refracting 
power,  or  (in  other  words)  has  in  every 
place  the  same  density. 

And,  therefore,  the  rays  of  light  emerge  on  the  opposite 
side. 

Q.      Why  are  some  things  not  transparent  ? 

A.  Because  the  particles  which  com- 
pose them  are  separated  by  minute  pores 
or  spaces^  which  have  a  different  density 
from  the  particles  themselves. 

Therefore,  the  rays  of  light  are  reflected  and  refracted 
too  often  to  emerge. 

Q.  Why  are  dry  paper  and  calico  {which  are 
opaque)  made  transparent  by  being  oiled  % 

'  A.  Because  the  pores  are  filled  by 
the  oil,  which  has  nearly  the  same  den- 
sity as  the  substance  of  the  paper  itself 
— by  which  means  a  uniform  density  is 
effected,  and  the  substance  becomes 
transparent. 

Q.  Why  is  glass  {which  is  transparent)  ren- 
dered  opaque  by  b&,ng  grovmd  or  pulveriged  f 

A.    Because    the    whole    substance 
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from  surface  to  surface  is  no  longer  of 
one  uniform  density. 

Q.       Why  are  some  things  SHiNiNa,  and  others 

DULL  ? 

A.  Because  some  things  reflect  rays, 
and  are  bright;  but  others  absorb  them. 

Q.       Whi/  do  DESERTS  J>AZZLE  from  sunshine? 

A.  Because  each  grain  of  sand  reflects 
the  rays  of  the  sun  like  a  mirror. 

Q.  ^  you  move  a  stick  {burnt  at  orte  end) 
pretty  briskly  around,  it  seems  to  make  a  cirglb 
OF  FIRE — Why  is  this  ? 

A.  Becaase  the  eye  retains  the  image 
of  any  bright  object,  after  the  object  itself 
is  withdrawn  ;  and  as  the  spark  of  the 
stick  returns  befljre  the  image  has  Jaded 
from  the  eye,  it  seems  to  form  a  complete 
circle. 

Q,  If  separate  flgv/res  (as  a  man  and  a  horse) 
he  drawn  on  separate  sides  of  a  card^  and  the  card 
twisted  quickly^  the  man  wiU  seem  to  he  seated  on 
the  horse — Why  is  this  f      , 

A.  Because  the  image  of  the  horse 
remains  upon  the  eye  till  the  man  ap* 
pears. 

The  Thaumatrope  is  constracted  oa  tMs  principle. 

Q.       Why  do  the  stars  twinkle  % 

A.  Because  the  inequalities  and  un- 
dulations in  the  atmosphere  produce  wtu- 
equal  refractions    of  light;    and   these 
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unequal  refractions  cause  the  twinkling 
or  irregxilar  brilliancy  of  the  stars. 

Q.  Iff"  toe  look  at  a  red-hot  fire  for  a  few 
mintUeSj  why  does  eviry  thing  seem  tinged  tnth  a 

BLtnSH  GREEN  COloT  f 

A.  Because  bluish  gfreen  is  the 
"  Accu>ENTAL  COLOR  "  of  red  ;  and  if  we 
fix  our  eye  upon  any  color  whatsoever^ 
we  see  every  object  tinged  with  its  a4^d» 
dental  color  when  we  turn  aside. 

The  accidental  color  is  the  color  which  would  be  required 
to  be  added,  in  order  to  make  up  white  light    See  p.  860. 

Q.  Why  does  the  eye  perceive  the  accidental 
COLOR  when  the Jundamental  one  is  removed? 

A.  Because  the  nerve  of  the  eye  has 
become  tired  of  the  one,  but  stiH  remains 
fresh  for  the  perception  of  the  other. 

Q.  ^  we  wear  blue  glasses,  why  does  every 
thing  ajypea/r  tinged  with  orange  when  we  take  them 
offl 

A.  Because  orange  is  the  "  accidental 
color  "  of  blue ;.  and  if  we  loqk  through 
blue  glasses,  we  shall  see  its  "  a^idental 
color  "  when  we  lay  our  glasses  aside. 

Q.  J^  we  look  at  the  sun  for  a  few  moments^ 
every  thing  seems  tinged  with  a  tiolet  color — Whi 
is  this  1 

A.  Because  umlet  is  the  "  accidental- 
color"  of  yellow;  and  as  the  sun  is  yel- 
low, we  shall  see  its  "  accidental  color  " 
violet  when  we  turn  from  gazing  at  it. 
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Q.  Does  not  the  dark  shadow  {whieh  seems  U 
hang  over  every  thing  after  we  turn  from  looking  ai 
the  sun)  arise  from  our  eyes  being  dazzled  ? 

A.  Partly  so  :  the  pupil  of  the  eye  is 
very  much  cbntracted  by  the  brilliant  light 
of  the  sun,  and  does  not  adjust  itself  im- 
mediately to  the  feebler  light  of  terres- 
trial objects ;  but,  independent  of  this, 
the  "  ACCIDENTAL  COLOR  "  of  the  sun  be- 
ing dark  violet-,  would  tend  to  throw  a 
shadow  upon  all  things.     (Seep.  340.) 

Q.  Why  is  BLACK  glass  for  spectacles  the  best 
for  wear  in  this  respect  f 

A.  Because  lohite  is  the  accidental 
color  of  black ;  and  if  we  wear  black 
glasses,  ef  ery  thing  will  appear  in  white 
light  when  we  take  them.  off. 

Q.  Why  doe^  every  thing  seem  sKadowed  wUh 
a  BLACK  MIST  when  toe  take  off  our  common  specta- 

OLES? 

A.  Because  the  glasses  are  white; 
and  black  being  its  "  accidental  color," 
<every  thing  appears  in  a  bUick  shade  when 
we  lay  our  glasses  down. 

•  The  accidental  color  of  red       is  bluish  green. 
"  "  "     of  orange  *'  blue. 

"  "  «     of  violet    "  yellow. 

"  "  "     of  black     "  white. 

And  the  converse  of  this  is  true : — 

The  accidental  color  of  bluish  green  is  red. 
^*  "  "     of  blue  "orange. 

"     of  yellow  "viol3. 

"     of  white  "black. 
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(The  law  of  an  accidental  color  is  this— The  accidental 
color  is  always  half  the  spectrum.  Thus,  if  we  take  half 
the  length  of  the  spectrum  hy  a  pair  of  compasses,  and 
fix  one  leg  in  any  color,  the  other  leg  will  hit  upon  its  ac- 
cidental color.) 

N.  B.  The  spectrum  means  the  seven  colors  (red,  ot"- 
ange,  yellow,  green,  hlue,  indigo,  and  violet),  divided  into 
seven  eqiuU  bands,  and  placed  side  by  side  in  the  order  just 
mentioned. 


SOUND. 

CHAPTER  XXX.  ' 

Q.      How  is  SOUND  produced  f 

A.  The  vibration  of  some  sonorous 
substance  produces  motion  in  the  air, 
called  SOUND-WAVES,  which  strike  upon 
the  drum  of  the  ear  and  give  the  sensa- 
tion of  sound. 

Q.       Whai  a/re  musical  sounds  ? 

A.  Regular  and  uniform  successions 
of  vibrations. 

Q.      JIow  FAST  does  sound  travel  ? 

A.  About  13  miles  in  a  minute,  or 
1142  feet  in  a  second  of  time. 

Light  would  go  480  times  round  the  whole  earth,  while 
sound  is  going  its  13  miles.       '   - 

Q.       Why  a/re  some  things  sonoeous  aivd  others 

NOT? 

A.  The  sonorous  quality  of  any  sub- 
stance depends  upon  its  hardness  and 
elastidty. 
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Q.      Why  ate  ooppsa  ema  laoif  soNo&oud  and 

not  LEAD  ? 

A.  Copper  and  iron  are  hard  and 
elastic;  but  as  lead  is  neither  hard  nor 
yet  elastic,  it  is  not  sonorous. 

Q.       Of  what  is  BELL-METAL  modc  ? 

A.  Of  copper  and  tin  in  the  following 
proportions : — In  every  5  pounds  of  bell- 
metal  there  should  be  1  pound  of  tin, 
and  4  pounds  of  copper. 

Q.       Why  is  this  mixture  of  tin  arid  cop^  used 

for  BELL-METAL  7 

A.     Because  it  is  much  harder  and' 
more  elastic  than  any  of  the  pure  metals. 

Q.  Why  is  the  sound  of  a  Ml  stopped  bp 
TOUCHING  the  bell  with  owr  finger  ? 

A.     Because  the  weight  of  our  finger  , 
stops  the  vibrations  of  the  bell;   and  as 
soon  as  the  bell  ceases  to  vibrate^  it  ceases 
to  make  sound-waves  in  the  air. 

Q.  Why  does  a  split  bell  make  a  hoarse^  dis- 
agreeable sound  ? 

A.  Because  the  split  of  the  bell 
causes  a  double  vibration :  And  as  the 
sound-waves  clash  and  jar^  they  impede 
each  other's  motion,  and  produce  dis- 
cordant sounds. 

Q.  Why  does  a  piddle-strinq  give  a  musical 
sound? 

A.  Because  the  bow  drawn  across 
the  string  caitses  it  to  vUn^ate;  and  this 
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vibration  of  the  string*  sets  in  motion  the 
Bound'ioaves  of  the  air^  and  produces 
musical  notes. 

Q.       Why  does  a  drum  sownd  f 

A.  Because  the  parchment  head  of 
the  drum  vibrates  from  the  blow  of  the 
drum-stick,  and  sets  in  motion  the  sound- 
waves of  the  air. 

Q.  N    Why  do  MUSICAL  GLASSES  givs  souuds  t 

A.  Because  the  glasses  vibrate  as 
soon  as  they  are  struck,  and  set  in  motion 
the  sound-waves  of  the  air. 

Q.  Why  do  flutes,  ^c.^  produce  musical 
sounds? 

A.  Beca,use  the  breath  of  the  per- 
former causes  the  air  in  the  flute  to  vi^ 
brate ;  and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air. 

Q.  Why  do  piano-portbs  produce  musical 
sounds? 

A.     Because  each  key  of  the  piano 
(being  struck  with  the  finger)  lifts  up  a 
little  hammer  which  knocks  against  a . 
string ;  and  the  vibration  thus  produced 
sets  in  motion  the  sound-waves  of  the  air. 

Q.  Why  are  some  n^es  bass,  and  some  tre- 
ble ? 

A.  iBecause  slow  vibrations  produce 
bass  or  deep  sounds  ;  but  quick  vibrations 
produce  shriU  or  treble  orws. 
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Q.  Wky  is  an  instrument  flat  when  itU 
8TRINOS  are  unstrung  ? 

A.  Because  the  vibrations  are  too 
slow;  in  consequence  of  which,  the 
sounds  produced  are  not  shrUl  or  sliarp 
enough. 

Q.  Why  can  persons^  living  a  mile  or  two  from 
a  town,  HEAR  the  bells  of  the  town  churches  some- 
times and  not  at  others  ? 

A.  Because  fogs,  rain,  and  snow, 
obstruct  the  passage  of  sound ;  but  when 
the  air  is  cold  and  clear,  sound  is  propa- 
gated more  easily. 

Q.  Why  can  we  not  hea/r  sounds  {as  those  rf 
distant  church  hells)  in  rainy  w^aiher  so  well  as  in 
fine  weather? 

A.  Because  the  falling  rain  interferes 
with  the  undulations  of  the  sound-waves, 
and  breaks  them  up. 

Q.  Why  can  we  not  hear  sounds  {as  those  of 
distant  church  hells)  in  snowy  weather  so  well  as  m 
fine  weather  ? 

A.  Because  the  falling  snow  inter- 
fere^ unth  the  undiUations  of  the  sound- 
waves, and  stops  their  progress. 

Q.  Why  can  we  hear  distant  clocks  most  dis' 
tinctly  in  clear  cold  loeather  1 

A.  Because  the  air  is  of  more  uniform 
density,  and  there  are  fewer  curretits  of 
air  of  unequal  temperature  to  interioipt 
the  sound-waves. 
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Besides,  dense  air  can  propagate  sound-wayes  more 
readily  than  rarer  air. 

Q.  Why  can  persons  {near  the  poles)  hexir  the 
VOICES  of  men  in  conversation  for  a  mile  distant  in 
fffinter'time  t 

A.  Because  the  air  is  very,  cold^  clear ^ 
and  stiU;  in  consequence  of  which,  there 
are  but  few  currents  of  ait  of  unequal 
temperature  to  interrupt  the  sounds 
waves. 

Captain  Ross  heard  the  voices  of  his  men  in  conyersa- 
tion  a  mile  and  a  half  from  the  spot  where  they  stood. 

Q.  Why  are  not  sounds  (such  as  those  of  dis- 
tant church  bells)  heard  so  distinctly  on  a  hot  dat 
as  in  FROSTY  weather  ? 

A.  1st — ^Because  the  density  of  the 
air  is  less  uniform  in  very  hot  weather : 

2dly — It  is  more  rarefied;  and,  conse- 
quently, a  worse  conductor  of  sound :  and 

3dly — It  is  more  liable  to  accidental 
currents,  which  impede  the  progress  of 
sound. 

Q.  Why  can  toe  not  hear  sounds  (su,ch  as 
those  of  distant  clocks)  so  distinctly  in  a  thick  mist 
or  HAZE  as  in  a  clear  night  ? 

A.  Because  the  air  is  not  of  uniform 
density  when  it  is  laden  with  mist;  in 
consequence  of  which,  the  sound-waves 
are  obstructed  in  their  progress. 

Q.  Why  do  we  hear  sounds  better  by  night 
than  by  dat  ? 

A.     1st — Because  night  air  is  of  more 


382  SOUND. 

urdfarm  density  and  less  liable  to  dcd'^ 
derUai  currents :  and 

2dly — ^Night  is  more  still  from  the 
suspension  of  business  and  hum  of  men. 

Q.  Why  is  the  air  of  more  uniform  density 
by  NIGHT  than  it  is  by  day  t 

A,  Because  it  is  less  liable  to  acci-- 
dental  currents ;  inasmuch  as  the  breez- 
es* (created  by  the  action  of  the  sun's 
rays)  generally  cease  during  the  night. 

'  Q.      How  should  PARTiTtoN  WALLS  be  made,  to 
PREVENT  the  voices  in  adjoining  rooms  from  being 

HEARD? 

A.  The  space  between  the  laths 
should  be  filled  with  shavings  or  sau)- 
dust;  and  then  no  sound  would  ever 
pass  from  one  room  to  another. 

Q.  Why  would  SHAVINGS,  or  saw-dust,  pre- 
vent the  transmission  of  sound  from  room  to  room  ? 

A.  Because  there  would  be  several 
different  media  for  the  sound  to  pass 
through:  1st — the  air;  2dly — the  laths 
and  paper;  3dly — the  saw-dust  or  sha- 
vings; 4thly — lath  and  paper  again; 
5thly — the  air  again :  And  every  change 
of  medium  diminishes  the  strength  of  the 
sound-waves. 

Q.       Why  can  deaf  people  hear  through  an 

EAR-TRUMPET?  ^ 

A.     Because  the  ear-trumpet  restrains 
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the  sp^ead  of  the  voice  and  limits  the  dia-* 
meter  of  the  sound-waves :  in  consequence 
of  which,  their  strength  is  increased. 
Q.       Wh^  are  mountains  noiseless  and  quiet  ? 

A.  Because  the  air  of  mountains  is 
very  rarefied;  and,  as  the  air  becomes 
rarefied,  sound  becomes  less  intense. 

Q.  '  How  do  you  know  that  the  rarity  (f  air 
DIMINISHES  the  intensity  of  sound  ? 

A.     If  a  bell  be  rung*  in  the  receiver  ■ 
of   an   air-pump,   the    sound    becomes 
fainter  and  fainter  as  the  air  is  exhaust- 
ed ;  till  at  last  it  is  almost  inaudible. 

Q.       What  is  the  cause  of  echo  ? 

A.  Whenever  a  sound-wave  strikes 
against  any  obstacle  (such  as  a  wall  or 
hill),  it  is  reflected  (or  thrown  back) ;  and 
this  refieded  souna  is  called  an  echo. 

The  same  laws  goyem  echo  as  light.    (See  p.  838.) 
Q.       What  places  are  most  famous  for  echo  ? 
A.     Caverns,  grottoes,  and  ruined  ab- 
beys ;  the  areas  of  halls ;  the  windings 
of  long  passages ;  the  aisles  of  cathedral 
churches ;  mountains  and  icebergs. 

Q.  Why  a/re  caverns,  grottoes^  and  ruins,  fa- 
mous yar  echoes? 

A.  1st — Because  the  sound-waves 
cannot  pass  beyond  the  cavern  or  grotto, 
imd,  therefore,  nmstfiow  back :  and 

2dly — The  retumrwaves  (being  en  tan- 
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gled  by  the  cavern)  are  detained  for  a 
short  time,  and  come  deliberately  to  the 
ear. 

Q.  Why  are  kallsy  winding  'passages,  and  car 
ihedral  aisles,  famous ^br  echoes? 

A.  Because  the  sound-waves  cannot 
Jhw  freely  fonoard;  but  perpetually 
strike  ag^ainst  the  winding  walls,  and 
are  beaten  ba£k. 

Q.       Why  are  mountains  and  icebergs  famous 

for  ECHOES  ? 

A.  Because  they,  present  a  harrier  to 
the  sound-waves,  which  they  canned  pass^ 
and  are  sufficiently  elastic  to  throw  them 
hack. 

Q.  Why  do  not  the  walls  of  a  room  or  church 
produce  echo  ? 

A.  Because  sound  travels  with  such 
velocity  that  the  echo  is  hlended  with  the 
original  sound;  and  the  two  produce 
but  one  impression  on  the  ear. 

Sound  travels  13  miles  in  a  minnte;  and  no  echo  is 
heard,  unless  the  surfkce  (against  which  the  sound  strikes) 
is  66  feet  A:om  the  place  whence  the  sound  originally  pro- 
ceeded. 

Q.  Why  do  very  large  buildings  {as  cathe* 
drals)  often  reverberate  the  voice  of  the  speaker  f 

A.  Because  the  walls  are  so  far  off 
from  the  speaker  that  the  echo  does  not 
get  back  in  time  to  blend  with  the  origi- 
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nal  «oiind  ;  and,  therefore,  each  is  heard 
separately. 

Q.  Why  do  some  echoes  repeat  only  one  svlUh 
hie? 

A.  Because  the  echoinof  body  is  very 
neiir.  The  farther  the  echoing  bodjj  is 
off,  the  more  sound  it  will  reflect:  If, 
therefore,  it  be  very  njear^  it  will  repeat 
but  one  syllable. 

Q.  Why  does  an  echo  sometimes  repeat  two 
or  more  syllables  ? 

A.  Because  the  echoing  body  is  far 
off;  and,  therefore,  there  is  time  for  one 
reflection  to  pass  away  before  another 
reaches  the  ear. 

N.  B.  All  the  syllables  must  be  lUtered^  before  the  echo 
of  the  first  syllable  reaches  the  ear — If,  therefore,  a  'per- 
son repeats  7  syllables  in  2  seconds  of  tim^,  and  hears 
them  all  echoed,  the  reflecting  object  is  1142  feet  distant; 
(because  sound  travels  1142  feet  in  a  second,  and  the 
words  take  one  second  to  go  io  the  reflecting  object,  and 
one  second  to  return.) 

Q.  Why  a/re  two  or  more  echoes  sometimes 
heard  ? 

A.  Because  separate  reverberating 
surfaces  receive  the  sound  and  reflect 
it  in  succession. 

17  miles  above  Glasgow  (Scotland)  near  a  mansion  called 
Rosneath,  is  a  very  remarkable  echo.  If  a  trumpeter 
plays  a  tune  and  stops,  the  echo  will  begin  the  same  tune 
and  repeat  it-  all  accurately : — ^as  soon  as  this  echo  has 
ceased,  another  will  echo  the  same  tune  in  a  lower  tone: 
and  after  the  second  echo  has  ceased,  a  third  will  sacceed 
with  equal  fidelity,  though  in  a  much  feebler  tone. 
17 
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At  ihe  Lake  of  Eilkamey  in  Ireland,  there  is  an  echo 
which  plays  an  excellent '' seamd"  to  any  simple  tune 
played  on  a  bagle. 

Q.  Why  do  windows  rattle  trV»  carts 
pass  hy  a  home  ? 

A.  1st — Because  glass  is  sonorous; 
and  the  air  communicates  its  vibrations 
to  the  glass,  which  echoes  the  same 
sound:  and 

2dly— The  mndow-frame  being  sha- 
kerij  contributes  to  the  noise. 

Window  fhimes  are  shaken,  1. — By  sound-wayes  im- 
pini^ng  against  them;  2. — By  a  vibratory  motion  com- 
mnnicated  to  them  by  the  waUs  of  the  house. 


PAKT   III. 
MISCELLANEOnS. 


^%  This  part  is  little  else  than  a  collection  of  yarioiui 
questions  propounded  by  different  correspondents,  pnpils, 
and  private  fViends,  set  down,  without  regard  to  arrange- 
ment, in  the  order  in  which  they  were  proposed ;  together 
with  a  few  leading  questions  to  break  up  some  which 
>  would  have  been  otherwise  too  intricate,  and  others  which 
naturally  arose  out  of  the  subject  under  consideration. 

Q.  Why  do  the  bubbl?:s  in  a  cup  ^  tea  range 
round  the  sides  cfthe  gup  % 

A.     Because  the  cup  attracts  them. 

Q.  Why  do  aU  the  little  bubbles  tend  to- 
wards the  LARGE  ones  f 

A.  Because  the  large  bubbles  (being 
the  superior  masses)  attract  them. 

Q.  Why  do  the  bubbles  of  a  gup  of  tea 
FOLLOW  a  tea-spoon  ? 

A.  Because  the  tea-spoon  attracts 
them. 

Q.  Why  are  the  sides  of  a  pojid  covered  with 
leaves,  while  the  middle  of  the   pond  is   quiie 

CLEAR? 
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A.     Because   the   shore   attracts  the 

leaves  to  itself. 

Q.  Why  do  aUfruils^  4*^.,  {when  severed  from 
the  tree,)  fall  to  the  earth  ? 

A.     Because  the  earth  cUtracts  them. 
Q.       Why  do  persons  who  water  plants  very 
(fien  pour  the  water  into  the  saucer,  and  not  over 

the  PLANTS  ? 

A.  Because  the  water  in  the  saucer 
is  drawn  up  by  the  mould  (through  the 
hole  at  the  bottom  of  the  flower-pot) 
and  is  transferred  to  the  stem  and  leaves 
of  the  plant  by  capillary  attraction. 
{Seep.  75.) 

Q.  Why  is  vegetation  on  the  margin  of  a  riv- 
er more  luxuriant  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the 
bank  draws  up  water  to  the  roots  of  the 
plants  by  capillary  attraction. 

Q.  Why  is  a  lump  of  sugar  (left  at  the  bottom 
€fa  cup)  so  LONG  in  melting  ? 

A.  Because  (as  it  melts)  it  makes  the 
tea  above  it  heavier;  and  (so  long  as  it 
remains  at  the  bottom)  is  surrounded  by 
t^a  fully  saturated  with  sugar ;  in  con- 
sequence of  which,  the  same  portions  of 
liquid  will  hold  ?w>  more  sugar  in  solution. 

Q.  Why  does  the  lump  of  sugar  melt  mart 
QUICKLY  when  stirred  about  ? 

A.    Because  fresh  portions  of  unsatUr 
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rceted  tea  come  in  contact  with  the  lump^ 
and  soon  dissolve  it. 

Q.  Why  does  a  piece  of  svoak  (hdd  in  a 
spoon  at  the  top  of  our  tea)  melt  very  rapidly? 

A.  Because,  as  the  tea  becomes 
sweetened,  it  descends  to  the  bottom  of  the 
cup  by  its  own  gravity ;  and  fresh  por- 
tions of  unsweetened  tea  are  brought 
constantly  into  contact  with  the  sugar 
till  the  lump  is  entirely  dissolved. 

Q.  How  can  a  sick  room  be  kept  free  from 
unhealthy  effluvia? 

A.  By  sprinkling  it  with  vinegar 
boiled  with  m)«Th  or  camphor. 

Q.  Why  does  lime  destroy  the  offensive  smells 
^BiNS,  sewers,  4*c.  T 

A.  Because  it  decomposes  the  offen- 
sive gases  upon  which  the  smell  depends, 
and  destroys  them. 

Q.  Why  does  chloride  of  lime  fumigate  a 
tick  room  ? 

A.  Because  the  chlorine  absorbs  the 
hydrogen  of  the  stale  air ;  and  by  this 
means  removes  both  the  offensive  smeU 
and  the  infection  of  a  sick  room. 

Q.      How  can  the  taint  of  meat  be  removed  ? 

A.  Either  by  washing  with  pyrolig- 
NEous  ACID — or  by  covering  it  for  a  few 
hours  with  common  charcoal— or  by 
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putting  a  few  lumps  of  charcoal  into  the 
water  in  lohich  it  is  boiled. 

Q.  TFAy  do  these  things  destroy  the  taint  of 
meatf 

A.  Because  they  combine  with-  the 
putrescent  particles^  and  neutralize  tbeu* 
oiTensive  taste  and  smell. 

Q.  Why  should  bed-rooms,  cottages,  hos- 
pitals, and  STABLES,  be  washed  occasionaUy  with 

LIME   WHITE? 

A.  Because  the  lime  is  very  caustic^ 
and  removes  all  organic  matters  adher- 
ing to  the  walls. 

Q.       Why  will  strong  Souchong  tea  poison 

FLIES  ? 

A.     Because  it  contains  prussic  acid^ 
which  destroys  their  rvervous  system. 
Q.       Why  is  strong  green  tea  unwholesome  T 
A.     Because  it  contains  prussic  acid, 
which  destroys  the  nervous  system, 

Q.  Why  is  a  dead  man  taller  than  a  living 
one? 

A.     Because  at  death  the  cartilages  . 
are  relaxed.     So,  also,  after  a  night's 
rest,  a  man  is  tailer  than  when  he  went 
to  bed. 

Q.       What  is  sleep  ! 

A.  Sleep  is  the  rest  of  the  brain  and 
nervous  system, 

Q.       Why  can  ^we  not  see,  when  we  a/re  adeaf 

with  our  EYES  OPEN? 
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A.  Because  the  "  retina  of  the  eye" 
is  inactive  and  at  rest. 

Q.       Why  can  we  not  hear  in  sleep  f 

A.  Because  the  nerve  of  hearings 
(seated  within  the  tympanum  of  the  ear) 
is  at  rest. 

Q.       Why  can  we  not  taste  when  we  are  asleep  f 

A.  Because  the  nerves  at  tlie  end  of 
the  tongue  (called  papillae)  are  inactive 
and  at  rest. 

Q.       Why  can  we  vot  peel  when  we  are  asleep  f 

A.  Because  the  ends  of  tlie  nerves 
(called  papillae)  situated  in  the  skin,  are 
inactive  and  at  rest. 

Q.  Why  have  persons  in  sleep  no  will  of  their 
atim,  but  may  be  mooed  at  the  wiU  o/kny  one  f  ^ 

A.     Because  the   "  cerebellum"   (or 

posterior  part  of  the  brain)  is  inactive 

and  at  rest. 

Q.  Why  have  dreamers  no  power  of  judg- 
ment or  REASON  % 

A.     Because    the    "cerebrum"  (or 

front  of  the  brain)  is  inactive  and  at  rest. 

Q.       Why  do  some  persons  lose  o/^  power  of 

SENSATION  % 

A.     Because    the    "cerebrum"    (or 
front  of  their  brain)  has  been  injured. 
Q.       Why  does  a   person  feel  when  he   it 

fOUCBED? 

A.    Because    the    enHs    of    certain 
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nerves  (called  "  papillje")  situated  in  the 
skin,  are  excited;  and  produce  a  nervous 
sensation  called  febling. 

Q.       Why  a/re  persons  able  to  taste  diffe&ent 

FLAVORS  ? 

A.  Because  the  "papillae"  of  the 
tongue  and  palate  are  excited  when  food 
touches  them,  and  produce  a  nervous 
sensation  called  taste. 

Q.       Why  wre  old  people  unable  to  walk  ! 

A.  Because  their  rrtusdes  become 
rigid. 

Q.  Why  does  abundance  of  dew  th  the  morn- 
ing  indicate,  that  the  day  wHl  be  fine  7  p.   1 89. 

A.  Because  dew  is  never  deposited 
in  duUj  cloudy  weather,  but  only  in -very 
clear ^  calm  nights ;  when  the  cold  currents 
of  air  are  not  mixed  with  those  of  a 
warmer  temperature. 

Q.  Why  does  an  oar  in  water  appear  bent  ? 
p.  358. 

A.  Because  the  part  outof  the  water 
is  seen  in  a  different  medium  to  the  part 
in  the  water ;  and  the  rays  of  these  two 
parts,  meeting  together  at  the  surface  of 
the  river,  form  an  angle — or,  in  other 
words,  make  the  oar  look  as  if  it  were 
bent. 

As  all  the  rays  of  light  are  refracted  (or  bent)  more  in 
their  passage  through  water  thah  in  their  passage  through 
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air,  they  will  tend  to  cross  each  other  at  the  surface  ^of 
the  water,  and,  of  course,  form  an  elbow  or  angle. 

Q.  If  a  piece  of  brown  paper  be  submitted  to 
the  action  of  a  burning  glass,  it  will  catch  fire 
much  SOONER  than  a  piece  of  white  paper  would  ; 
Explain  the  reason,  p.  175. 

A.  Because  white  paper  reflects  the 
rays  of  the  sun,  or  throws  them  back ; 
in  consequence  of  which,  it  appears  more 
luminous,  but  is  not  so  much  heated,  as 
dark  brown  paper,  which  absorbs  the  rays 
and  readily  becomes  heated  to  ignition. 

Besides,  brown  paper  is  of  a  looser  and  more  combusti- 
ble fabric  than  white  paper. 

Q.       Why  does  a  lady^s  blue  dress  appeoft 

GREEN. 6^  CANDLE  LIGHT?     fp.  76,  364. 

A.  Because  the  light  of  a  candle  is; 
tinged  with  yellow;  and  this  yellow  tinge,, 
mixing  with  the  blue  dye  of  the  dressy, 
produces  green. 

Q.  Why  does  the  sun  look  red  in  a  fog?  p. 
127. 

A.  Because  red  rays  have  a  greater 
momentum  than  any  other  rays;  andi 
this  superior  momentum  enables  them  tO' 
penetrate  the  dense  atmosphere  more 
readily  than  either  blue  or  yellow  rays, 
which  are  either  absorbed  or  reflected  by 
the  fog. 

"  Momentum  "  means,  the  impetut  or  power  ofpenHtrt^- 
ing  the  fog, 

17* 
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Q.  Why  is  an  ink-spot  on  linen  black  wh£7i 
first  made  ? 

A.  Because  the  ink  produces  a  chemi- 
cal change  in  the  internal  condition  of 
the  fibres  of  the  linen,  by  which  it  loses 
its  power  of  reflecting  light ;  and,  as  it 
absorbs  the  rays  of  the  sun,  the  spot 
seems  black. 

The  black  color  of  ink  is  composed  of  a  compound  of 
Tannic  acid,  sesqui-oxide  of  iron,  and  water. 

"  TiLnnic  acid  "  is  an  acid  which  exists  in  oak  trees,  es- 
pecially in  the  bark,  but  is  abundant  in  nut^alls.  It  de- 
rives its  name  from  its  property  of  combining  with  -the 
skins  of  animals  and  conyerting  them  into  leather,  which 
.is  called  tanning  them. 

"  Sesqui'Oxide  of  iron  "  means,  that  ane  atom  and  a  half 
of  oxygen  is  mixed  with  one  atom  of  iron. — The  amount 
of  oxygen  in  an  oxide  is  always  expressed  by  some  similar 
affix,  thus 

Protoxide--l  atom  of  oxygen^    andoneofthe 
Binoxide--2  atoms  ot  oxygen  1    r,,»:«*r™   "•^:  ^a 

.  Teroxide-S^tomaofoxj^lenj  -ji^^re ^^'.'^^ 

Per-oxide — the  highest  possible  degree  of  oxidation, 

&c. 
Sesqui-oxide — IJ  atom  of  oxygen  and  1  of  base. 

Q.  Why  does  the  black  ink-spot  on  linen  turn 
YELLOW  after  a  few  days  ? 

A.  Because  the  compound,  which 
composes  the  blackness'  of  ink,  is  de- 
stroyed by  exposure  to  air ;  and  the  linen 
partially  recovers  its  power  of  reflecting* 
colors,  but  with  a  preference  to  yellow 
rays. 

The  tannic  acid  and  water  are  in  a  measure  taken  up 
by  the  air,  and  the  oxyie  of  iron  leaves  a  yellow  iron 
mould  behind. 
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Q.  Why  does  brushiwg  the  hair  mtbch  maJet 
the  head  itch?  p.  142. 

A.  1st — Because  the  friction  of  the 
hair-brush  excites  electricity  in  the  hair, 
which  thus  becomes  overcharged  and  ir- 
ritates the  skin :  and 

2dly-r-The  hair-brush  excites  in- 
creased action  in  the  vessels  and  nerves 
of  the  scalp,  producing  a  slight  degree  of 
inflammation,  which  is  indicated  by  a 
sensation  of  itching.. 

Q.  Why  does  a  candle  flicker,  especially 
just  previous  to  its  being  burnt  out  ?  pp.  76,  80. 

A.  Because  it  is  unequally  supplied 
with  combustible  gases. — When  a  candle 
is  nearly  burtit  out,  there  is  not  sufficient 
tallow  or  wax  to  keep  up  the  regular 
'supply  of  combustible  gas;  in  conse- 
quence of  which,  the  flame  flickers,  i.  e. 
blazesj  when  it  is  supplied  with  gas,  and 
goes  out  for  a  moment,  when  the  supply 
is  defective. 

Q.  If  the  ^^  copper"  (or  boiler)  attached  to  a 
kitchen  range^  beJUled  with  cold  water  after  the  fire 
has  been  some  time  lighted^  it  will  very  often  crack 
{or  burst).      Why  is  this?  p.  118. 

A.  Because  the  heat  of  the  fire  has 
caused  the  "copper"  to  expand ;  but 
the  cold  >yater  very  suddenly  condenses 
again  those  parts  with  which  it  comes  in 
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contact :  and,  as  one  part  is  larger  than 
the  other,  the  copper  cracks  or  bursts. 

Q.       What  is  color  ? 

A.  An  inherent  property  in  light, — 
The  reason  why  different  things  appear 
of  different  colors,  is  owing  td  their  pow- 
er of  reflecting  some  rays  and  absorbing 
others. 

N.  B.  It  mnst  not  be  foi^otten,  that  color  is  not  an  in- 
herent property  of  the  fiowery  carpet ^  rainbow  y  &c.,  but  aa 
inherent  property  of  the  lights  which  falls  upon  them. 

The  reason  why  one  thing  reflectsr  one  ray,  and  another 
thing  reflects  another  ray,  is  owing  to  the  different  thick- 
ness of  the  corpuscnles  which  compose  them — ^the  acid  or 
alkaline  properties  of  their  juices  or  dyes— the  uniformity 
and  texture  of  their  parts — ^and  so  on ;  in  consequence  of 
which,  some  ray  or  rays  are  reflected  in  preference  to 
others. 

Q.  Why^  do  aU  things  appear  black  in  the 
BARK?  f,  371. 

A,     Because  there  is  no  light;  and  as- 
color  is  the  inherent  property  of  light, 
therefore,  in  the  dark  all  things  are  with- 
out color. 

Of  course,  in  certain  degrees  of  darkness,  objects  are  ac- 
tually invisible.  The  question  refers  to  that  peculiar  de- 
gree of  darkness,  wheil  the  forms  of  objects  may  be  seen, 
but  not  their  ht^es. 

Q.  Why  are  the  flag-stones  of  our  streets  frer 
quently  loosened  afler  a  prost  ?  p.  326. 

A.  Because  the  naoisture  beneath 
them,  expanded  during  the  frost  and 
raised  the  flag-stones  from  t^eir  beds ; 
but  afterwards,  the  moisture  thawed  and 
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condensed  again,  leaving  the  flag-stones 
loose. 

Q.  Why  is  a  room  warmer,  when  the  vni\c 
dow  CURTAINS  are  drawn  ?  p.  165. 

A.  Because  air  is  a  bad  conductor ; 
and  the  air,  confined  between  the  cur- 
tains and  the  window,  opposes  both  the 
escape  oiwarm  air  out  of  the  room,  and 
of  cold  air  into  the  room. 

Q.  Why  a/re  rooms  much  warmer,  for  being 
furnished  with  double  doors  ajid  windows?  p, 
165. 

A.  Because  air  is  a  had  conductor  ; 
and  the  air  confined  between  the  double 
doors  and  windows,  opposes  both  the  es- 
cape of  icarm  air  out  of  the  room  and  of 
cold  air  into  the  room. 

Q.  Why  is  LOOSE  clothing  warmer  than 
that  which JUs  closely?  p,  165. 

A.  Because  air  is  a  bad  conductor ; 
and  the  quantity  of  air,  confined  between 
our  body  and  clothing,  prevents ;  1st — 
the  heat  of  our  body  from  escaping ;  and 
2dly — ^The  external  air  from  coming  in- 
to contact  with  our  body. 

Q.  Why  does  wetting  a  cornelian  make  it 
mare  transparent  1  p.  373. 

A.  Because  the  pores  of  the  corne- 
lian are  then  filled  with  water  ;  and  as 
the  density  of  the  mass  is  rendered  some- 
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what  more  uniform  than  when  those 
pores  were  filled  with  air,  the  stone  be* 
comes  more  transparent. 

The  water  on  the  surface  of  the  stone  acts  also  as  a  Tar- 
nish, to  make  the  external  coating  more  Instrous. 

N.  B.  Transparency  depends  on  the  uniformity  of  parts. 
If  the  parts  of  any  substance  are  not  pretty  uniform,  the 
rays  of  light  are  refracted  and  absorbed  so  frequently,  that 
no  part  of  them  can  emerge  on  the  opposite  side^ 

Q.       Why  does  iron  rust  ? 

A.  Because  water  is  decomposed, 
when  it  comes  in  contact  with  the  sur- 
face of  iron  ;  and  the  oxygen  of  the  wa- 
ter combining-  with  iron  produces  an 
oxide,  which  is  generally  called  rust. 

N.  B.  "Water  is  a  compound  of  Oxygen  and  Hydrogen, 
in  the  following  proportions :  8  lbs.  of  oxygen,  and  1  lb. 
of  hydrogen = 9  lbs .  of  water. 

Q.  Why  does  painting  iron  prevent  ii  from 
RUSTING  ?  p.  232. 

A.  ,  Because  paint  prevents  the  moist 
air  from  coming  in  contact  with  the  iron. 

Q.  Why  is  a  dvll  fire  revived  by  sweeping 
clean  the  hobs,  bars,  ash-grate,  dpc.  of  the  stove  1  pp, 
52,  53. 

A.  Because  the  air,  which  was  ar- 
rested by  the  loose  dust  and  cods,  finds 
its  v^ay  freely  to  the  fire,  so  soon  as  these 
obstacles  are  swept  away. 

N.  B.  The  brightness  of  a  fire  depends  on  its  supply  of 
oxygen,  derived  from  the  air. 

Q.  Why  does  stirring  a  dull  fire  serve  to 
quicken  it  ?  pp.  52,  53. 

A.     Because  it  breaks  up  the  clotted 
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cindei*s  and  coals/  making  a  passage  for 
the  air  into  the  veiy  heart  of  the  fire. 

A  fire  should  be  stirred  from  the  bottom,  and  not  from 
the  top. . 

Q.  Why  does  soapy  water  "  lather  f"  p. 
324. 

A.  Because  soap  makes  the  water 
tenadouSj  and  prevents  its  bubbles  from 
bursting ;  *^  Lather"  is  only  an  accumu- 
lation of  bubbles. 

Q.  Why  is  well-made  bread  fiUl  of  holes  or 
eyes?  p.  257. 

A.  Because  the  fermentation  of  the 
dough  throws  up  little  bubbles  filled  with 
carbonic  acid  gas ;  and  when  the  dough 
is  baked,  these  bubbles  are  made  permor 
nerU  in  the  bread. 

Q.  Why  do  the  sails  of  a  wind-mill  turn 
round?  p.  108. 

A.  Because  the  wind ,  blowing-against 
the  oblique  surface  of  the  sails,  pushes 
,them  out  of  the  way,  driving  them  from 
place  to  place  in  a  restless  round. 

Q.  After  striking  a  finger-glass,  why  is  the 
SOUND  SILENCED,  upou  touching  the  glass  with  your' 
finger  ^  p.  S7S. 

A.     Because  the  pressure  of  your  fin- 
ger stops  the  -  vibrations  of  the  finger- 
glass;    and,  so  soon  as  the  finger-glass 
ceases  to  vibrate,  it  ceases  to  make  sound-  • 
waves  in  the  air. 
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Q.  Why  does  a  wet  sfongb  clean  a  slate  t 
p.  321. 

A.  Because  the  water  of  the  wet 
sponge  dissolves  the  pencil  marks,  made 
upon  the  ^late. 

Something  is  due  to  the  mechanical  action  of  the  mere 
friction. 

Q.  Wht/  do  STARS  TWINKLE  morc  than  ustial, 
just  precious  to  rain  ?  p,  374. 

A.  1st — Because  the  air  is  unequally 
filled  with  vapor^  which  offers  constant 
obstructions  to  the  passage  of  the  rays : 
and 

2dly — Because  clouds  and  other 
opaque  vapors  passing  through  the  air, 
veil  for  a  little  time  the  light  of  the  stars, 
which  again  becomes  apparent  after  the 
clouds  have  passed : — ^This  constant  shut- 
ting  off , the  light  for  very  brief  intervals, 
produces  what  is  called  twinkling. 

The  answers  are  not  altogether  satisfactory :  probahly  «• 
difhiction  and  the  interference  of  different  rays  with  each 
other,  will  be  found,  at  some  fhture  time,  to  explain  the 
phenomenon  better. 

Q.  Why  does  milk  boil  over  more  readily 
than  water  1  p.  324.  ^ 

A.  Because  the  bubbles  of  milk,  pro- 
duced by  the  process  of  boiling,  are  more 
tenacious  than  the  bubbles  of  water  ;  and 
these  bubbles,  accumulating  and  climb- 
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ing"   one    above   another,  soon    overtop 
the  rim  of  the  saucppan  and  run  over. 

Q.  ]f  a  PICTURE  he  glazed,  y<m  cannU  see  the 
^^j^rint^^    in  certain  positions;  why  not?  p.  352. 

A.  1st — Because  glass  is  a  reflector; 
and,  whenever  the  strong-  light  of  the 
sun  is  reflected  from  the  glass  to  the  eye 
of  the  spectator,  the  glass  becomes  in- 
tensely luminous,  and  the  picture  re- 
mains in  comparative  darkness  :  and 

2dly — ^When  the  spectator  is  so  placed, 
as  to  catch  the  rays  of  light  reflect- 
ed front  the  glass,  his  eye  is  dazzled 
with  the  strong  light,  and  cannot  see 
the  more  faintly  illuminated  picture  be- 
hind it 

Q.  Dust  very  rarely  flies  by  night  :  why 
tsthis?  p.  188. 

A;  1st — Because  the  dews  of  night 
moisten  the  dust,  and  prevent  its  rising 
into  the  air :  and 

2dly — As  the  surface  of  the  earth  is 
colder  than  the  air  after  sunset,  the  cur- 
rent of  the  wind  will  incline  downward  ; 
and  tend  rather  to  press  the  dust  down 
than  to  buoy  it  up. 

Q.       When  the  cork  of  a  soda-water  botik  is 
drawny  why  is  a  loud  report  made  ?  p.  1 02. 
A.     Because  soda-water  contains  eight 
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times  its  own  bulk  of  carbonic  acid  gas ; 
which,  being  suddenly  liberated,  strikes 
against  the  air,  and  produces  a  report. 

In  the  same  way,  as  when  we  strike  our  hand  upon  the 
table. 

Q.  Why  does  the  cork  of  a  soda-water  bottk 
FLY  OFF,  the  instant  it  has  been  released  from  the 
'  bond  which  held  it  in  ?  p.  102. 

A.  Because  the  vast  quantity  of  car- 
bonic,acid  gas  forced  into  the  soda-vsra- 
ter  can  no  longer  be  confined  ;  and  seek- 
ing to 'escape,  drives  out  the  cork  with 
great  violence. 

Q.  Why  do  our  hands  and  lips  chap  in 
frosty  and  windy  weather  ?  p.  295. 

A.  1st — Because  the  wind  or  frost 
absorbs  the  moisture  from  the  surface 
of  the  skin  :  and 

2dly — The  action  of  wind  or  frost 
produces  a  kind  of  inflammation  on  the 
skin. 

Cold  acts  very  readily  upon  the  skin,  exciting  a  kind  of 
erysipelas,  of  a  red  color ;  if  the  cold  is  continued,  the 
skin  becomes  pale  and  languid,  and  the  patient  suffers 
from  chaps,  chilblains,  &c.  The  question,  however,  is 
one  belonging  to  the  physician,  rather  than  the  natural 
philosopher. 

Q.  When  a  black  subsoil  is  dug  or  ploughed 
up,  it  turns  of  a  reddish  brown  color  after  a  short 
time ;  why  is  this  i*  j?.  233. 

A.  Because  the  soil  contained  a  cer- 
tain compound  of  iron,  called  the  "j!>ro- 
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toMde^^^  which  is  black :  This  protoxide 
of  iron,  absorbing  more  oxygen  from  the 
moist  air,  is  converted  into  another  com- 
pound, called  the  "  per-oxide  of  iron," 
which  is  of  a  reddish  rusty  color. 

There  are  two  oxides  of  iron,  the  one  containing  more 
oxygen  than  the  other.  The  protoxide,  which  contains 
the  least  oxygen,  is  black;  the  peroxide,  which  contains  the 
most  oxygen,  is  red.    p,  394. 

Q.  Why  are  decaying  vegetables  always 
WET?  p.  253. 

A.  Because  the  hydrogen  and  orygen 
of  the  vegetables  are  given  up  by  decay, 
and  form  into  water. 

Water  is  composed  of  the  two  gases  oxygen  and  hydro- 
gen in  the  following  proportions :  8  lbs.  of  oxygen  and  1  lb. 
of  hydrogen  =  9  lbs.  of  water, 


N.  B.  Decaying  vegetables  combine  into  the  following 
m  forms :  1st,  The  oxygen  and  hydrogen  form  into  wa- 
ter :  and  2dly ,  The  carbon  unites  with  the  oxygen  of  the 


new  forms :  1st,  The  oxygen  and  hydrogen  form  into  wa- 
ter: and  2dly,  The  carbon  unites  wi  " 
air,  and  produces  carbonfc  acid  gas. 

Q.  J^a  house  be  faced  with  stucco  to  resemble 
stone,  why  does  the  facing  very  often  flake  off  in 
tointer,  and  leave  the  house  unsightly  ?  p.  333. 

A.  Because  the  stucco  was  not  quite 
dry;  therefore,  its  moisture  freezing  and 
expanding,  thrusts  ^the  stucco  away 
fram  the  wall ;  and  when  the  thaw  sets 
in,  the  stucco  being  unsupported,  will 
fall  by  its  own  weight. 

Q.  Why  do  the  lustres  of  a  chandelier  seem 
tinted  with  various  briUiarU  colors  ?  p.  364. 

A.    Because  each  "  drop"  of  the  chan- 
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delier  is  so  cut,  as  to  act  like  a  prism : 
It  decomposes  the  light,  and  reflects  the 
different  rays  thereof  from  its  different 
points  or  angles. 

Q.  Horn  is  tkansparent,  trAy  are  not  horn 
SHAVINGS  transparent^also?  p.  373.  * 

A.  Because  the  surface  of  the  shav- 
ing has  been  torn  and  rendered  rough; 
and  the  rays  of  light  are  too  much  reflect- 
ed and  refracted  by  the  ix>ugb  surface 
to  be  transmitted  through  the  shaving, 
so  as  to  produce  transparency. 

Q.  WJien  a  glazier  is  mending  a  window^  and 
deant  the  pane  with  his  brushy  why  do  the  loose 
pieces  of  ptUty  (on  the  opposite  side  of  the  wi?idow^ 
pane)  dance  op  and  down?  p.,  142. 

A.  When  glass  is  rubbed,  electricity 
,  is  excited  in  the  parts  submitted  to  the 
friction,  and  on  the  part  opposite  also; 
the  electricity  attracts  light  substances, 
such  as  loose  fragments  of  putty:  As 
soon  as  these  fragments  have  touched 
the  excited  part  of  the  glass  they  become 
charged,  and  fall  bapk  again ;  the  ledge 
on  which  they  fall  deprives  them  of  theh- 
burden,  and  they  then  flyx  up  again  to 
receive  a  fresh  charge  :  This  process  be- 
ing repeated  often,  makes  the  commo- 
tion in  the  loose  fragments  of  putty,  re- 
ferred to  in  the  question. 
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A  very  pretty  experiment  of  a  similar  kind  may  be  made 
thus :  Take  a  common  window  glass,  wipe  it  quite  dry 
andwanu,  and  support  it  on  two  wine  glasses  like  the 
slab  of  a  table :  Place  uThdemeath  the  window  glasM,  at  the 
distance  of  about" two  inches,  some  bran,  sana,  small  pieces 
of  paper,  Dutch  gold,  pith,  &c.:  If  you  now  rub  the  upper 
surface  of  the  window  glass  with  a  silk  rubber,  the  light 
substances  beneath  will  dance  up  and  down. 

N.  B.  The  rubber  may  be  made  thus :  Take  a  common 
cork  cut  evenly  and  flat,  cover  it  with  a  piece  of  silk,  and 
run  a  skewer  into  the  upper  surface  for  a  handle.  A  little 
amal^m  applied>^  the  rubber  will'greatly  improve  the 
experiment. 

Q.  Wkm  yaa  rah  a  piece  ofpa/per  with  indian 
RUBBER,  why  is  the  paper  sticky  ?  p.  34. 

A.  Because  the  friction  of  the  Indiaa 
rubber  against  the  surface  of  the  paper 
develops  electricity,  to  which  this  sticki- 
ness is  mainly  to  be  attributed. 

Q.  J^  y<m  dry  a  piece  of  common  brown 
PAPER  by  the  fire  arid  draw  ii  once  or  twice  between 
your  two  knees,  why  wHl  it  stick  fast  to  the  wall  f 
p,  34. 

A.  Because  the  friction  develops 
electricity  on  the  paper,  which  manifests 
itself  by  this  property  of  adhesion. 

Q.  Why  can  noises  be  heard  {in  a  calm  day)  at 
a  GREATER  DISTANCE  On  the  sea  than  on  land  ?  p  ZS\, 

A,  1st — Because  the  air  over  the  sea 
is  generally  denser  and  more  laden  with 
moisture,  than  the  air  over  the  land  is : 
p.  139. 

2dly — ^The  density  is  more  uniform: 
;>,  380,  and 
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3dly — ^Water  being*  more  elastic  than 
land,  is  a  better  propag-ator  of  sound.  *" 

Q.  The  height  of  mountains  may  be  ascer- 
iained  hy  a  barometer  :  Explain  ihereasan  of  this  ? 
p.  383. 

A.  As  we  ascend  a  high  niountain, 
the  quantity  of  air  above  us  becomes  less 
and  less  every,  step  we  ascend,  and  re- 
quires less  mercury  to  balance  it ;  in  con- 
sequence of  which  the  mercury  in  the 
tube  of  the  barometer /«/&. 

If  a  pile  of  books  be  placed  on  a  table,  the  bottom  book 
will  sustain  the  most  weight,  and  every  book  will  sustain 
less  and  less,  as  we  get  nearer  and  nearer  to  the  top :  The 
air  somewhat  resembles  this  pile.  That  on  the  surface  of 
the  earth  resembles  the  bottom  boo^  of  the  pile ;  and,  as,  we 
ascend  a  mountain,  the  quantity  of  air  above  keeps  dimin- 
ishing, and  the  weight  to  be  sustained  is  in  proportion  less. 

For  general  practical  purposes  we  ]pay  take  this  for  a 
rule :  for  every  100  feet  of  perpendicular  height,  the  ba- 
rometer will  fall  i^Q  of  an  inch.  If,  therefore,  the  barom- 
eter has  fallen  U  inch,  you  know  the  mountain  is  1600 
feet  high. 

Q.      How  does  starch  assist  in  giving  a  smooth 

GLAZED  SURFACE  tO  LINEN  7   p.  373. 

A.  It  fills  up  the  interstices  between 
the  threads;  and  makes  the  fabric  of 
more  uniform  density. 

"Interstices  between  the  threads." — ^Put  your  fingers 
close,  and  lay  your  open  hand  on  the  table— a  little  groove 
may  be  seen,  where  the  fingers  divide ;  these  grooves  may 
be  called  interstices;  and,  when  we  speak  of  the  "inter- 
stices of  linen,"  we  mean  the  groove  or  space  between 
thread  and  thread. 

Q.  If  a  DROP  of  WATER  be  spUt  on  a  table-doth, 
why  mil  it  spread  in  all  directioTis  ?  p.  75. 
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A.  Because  the  threads  of  the  cloth 
absorb  the  water  by  capillary  attraction. 

Q.       Why  does  salt  preserve  meal  ? 

A.  Because  it  removes  the  toater  con- 
tained in  the  animal  fibre  ;  absorbing*  it, 
and  leaving  the  meat  dry. 

The  reason  stated  above  is  not  the  sole  reason,  though 
it  is  certainly  the  chief  one.  The  following  have  some  in- 
fluence also : 

2.  Salt  is  composed  of  chlorine  and  sodium ;  the  chlo- 
rine of  the  salt  takes  up  the  hydrogen  of  the  meat  as  it  is 
given  off,  and  prevents  the  offensive  taste  and  smell  of  de- 
cay: 

3.  Brine  draws  away  the  albv/Tnen  ft-om  between  the 
muscular  fibres,  which  is  very  subject  to  putrefaction. 

4.  The  salt  unites  with  the  muscular  fibre,  and  makes  a 
new  chemical  compound,  much  less  subject  to  decay :  and 

6.  It  keeps  the  air  fi*om  the  meat,  the  flies,  &c. 

Q.  Is  SALTED  me(U  equally  ntUritious  as  fresh 
meat  ? 

A.  No  :  Because  the  albumen  of  the 
meat  is  separated  from  the  flesh  by  the 
brine ;  as  well  as  the  alkaline  phosphates 
and  some  other  substances  of  great 
value. 

"Phosphates"  pronaiince  fos'-fates.— Pho.sphates  are 
alkaline,  and  mineral. — Alkaline  phosphates  are  phospJt^ 
ric  acid  combined  with  some  alkali,  such  as  soda,  potash, 
magnesia,  ^c. 

*'  Albu'men  of  the  meat " — a  substance  like  the  white  of 
an  egg,  which  lies  between  the  muscular  fibres  of  all  flesh, 
and  makes  the  ineat  tender. 

"  The  alkaline'  phosphates  of  meat "  are  such  as  these : 
the  phosphate  of  soda,  the  phosphate  of  potash,  and  the 
phosphat-e  of  magnesia,  which  are  extracted  from  the 
meat  by  the  acid  re-action  of  the  brine. 
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Q.       Why  is  the  FLES^  of  old  animals  very 

TOUGH  T 

A.  Because  it  contains  very  little  cd- 
bu'Tnen,  and  much  muscular  fibre. 

Q.  Why  is  meat  always  tough,  if  it  be  pui 
irUo  the  boiler  brfore  the  water  boils  ? 

A.  Because  the  water  is  not  hot 
enough  to  coagtilate  the  albumen  be- 
tween the  muscular  fibres  of  the  meat, 
which  therefore  runs  into  the  water,  and 
rises  to  the  surface  as  a  scum. 

Q.       Why  is  meat  tough,  which  has  been  boiled 

TOO  LONG? 

A.  Because  the  albumen  becomes 
hard,  like  the  white  of  a  hard  boiled 
egg. 

The  best  way  of  bailing  meat  to  make  it  tender  is  this. 
Put  your  joint  in  very  brisk  boiling  water ;  after  a  few 
minutes,  add  a  little  cold  water.  The  boiling  water  ^dll 
fix  the  albu'men,  which  will  prevent  the  water  from  soak- 
ing into  the  meat — ^keep  all  the  juices  in — and  prevent  the 
muscular  fibre  from  contracting.  The  addition  of  cold 
water  will  secure  the  cooking  of  the  inside  of  the  joints  as 
well  as  of  the  surface. 

Q.  Why  should  vegetables  be  always  eatem 
with  salted  meat  ? 

A.  Because  they  are  all  rich  in  pot- 
ash, which  the  brine  has  deprived  the 
meat  of 

Q.  Why  are  lamb  and  veal  more  tender  th<»h 
beef  and  mutton  ? 
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A.     Because  they  contain  more  albu'- 
'  men,  and  less  muscular  fibre. 

Albu'men  is  a  substance  like  the  white  of  an  egg. 

Q.  W%tf  do  LAMB  aTid  veal  taint  more  quicJdy 
than  beef  find  mtUion  ? 

A.  Because  they  contain  a  lai^ 
quantity  of  albu'men,  which  is  very  liable 
to  undergo  putrefaction. 

Q.  Why  are  small  birds,  such  as  quails,  larks^ 
partridges,  4«.,  covered  with  lard,  when  they  are 
roasted  ? 

A.-  To  make  them  tender  and  savory. 
The  covering-  of  lard  prevents  the  savory, 
constituents  of  the  bird  from  evapo- 
rating with  the  water :  in  consequence 
of  which,  the  flesh  is  more  tender  and 
sapid. 

"Sapid"  i.e.ftai  of  flavor. 

Q.  Why  does  melted  wax  become  hard,  when 
cold?  p.  109. 

A.  Because  the  particles  collapse; 
and,  being  packed  more  closely  together, 
form  a  solid. 

The  sole  difference  between  a  liquid  and  a  solid  is  this — 
In  a  SOLID  the  particles  are  packed  more  closely  together, 
than  they  are  in  a  liquid.  The  tendency  of  heat  is,  to 
drive  the  particles /«r/A^  apart  from  each  other,  and  thtu 
to  liquify  solids. 

Q.       Why  does  paint  often  blister  from  heatf 

A.     Because    the    heat,    penetrating. 

through  the  paint,  extracts  some  little 

moisture  from  the  wood,  and  turns  it  in- 

^   18 
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to  vapor  or  steam.  As  this  vapor  re- 
quires room,  it  throws  up  blisters  ia  the 
paint,  to  make  room  for  its  expanded 
bulk. 

Q.  Why  are  eotting  leaves  hot?  ^.  60, 
253. 

A.  Because  the  fermentation  of  rot- 
ting leaves  produces  carbonic  add  gas^ 
-which  production  is  always  attended 
with  heat.     In  fact  rotting  is  a  species 

of  slow  combustion. 

* 

N.  B. — The  carbon  of  the  leaves  unites  with  the  oxygen 
«of  the  air,  to  produce  carbonic  acid  gas.  p.  259. 

The  new  combinations  disturb  lalent  heat^  and  make  it 
sensible. 

Q.      Why  are  eotting  leaves  damp  ?  p,  253. 

Answered  before,  see  page  403. 

Q.  Why  does  bread  become  haed,  after  it  has 
ieen  ?ept  a  few  days  f  p.  153. 

A.  Because  the  vapor  and  gases  es- 
cape, leaving  the  solid  particles  dry;  so 
that  they  collapse,  and  become  more  sol- 
id and  hard. 

Q.       Why  is  new  bread  indigestible^ 

A.  Because  the  change  called  "  pan'- 
ary  fermentation,"  is  not  completed. 

"  Panary  "  from  the  Latin  word  Panis  fbread) ;  "  panary 
fermentation  "  means,  the  fermentation  that  dough  under- 
•  goes  in  order  to  become  bread. 

The  sugar  of  the  dough  is  converted  into  alcohol  and 
carbonic  acid  by  fennentation ;  the  dough  being  adhesive, 
prevents  the  escape  of  these  products,  till  the  mass  ia 
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haked;  when  the  gas  expands,  bursts  through  the  mass, 
leaving  a  number  of  holes  or  bladders,  to  show  where  it 
was  confined. 

So  long  as  the  bread  is  warm,  the  process  of  fermenta- 
tion is  goin^  on ;  and,  therefore,  bread  should  never  be 
eaten,  till  it  is  24  hours  old. 

Q.  Why  are  plants  white,  which  art  kepi  in 
<A€DARK?  p.  372. 

A.  Because  chlo'rophyll  can  be  form- 
ed only  by  the  agency  of  the  sun's  rays ; 
and  it  is  this  peculiar  chemical  principle, 
which  gives  the  green  tinge  to  healthy 
leaves  and  plants. 

Chlo'rophyll  is  the  green  coloring  matter  of  leaves. 

Q.  Why  does  oil  become  thick  in  winter* 
tuaeI  p.  268. 

1st — Because  it  is  condensed  by  the 
cold,  and  rendered  more  solid  :  and 

2dly — Because  the  "  ste'arine,"  which 
is  held  in  solution  in  warm  weather,  is 
separated  by  the  action  of  the  cold ;  and 
deposited  as  a  thick  white  almost*solid 
matter. 

"  Stearine  "  (from  the  Greek  word  vrtapj  swet))a  the  solid 
or  hard  ingredient  of  all  fat,  suet,  oil,  &a  The  soft  or 
Uqutd  part  is  called  oleine  from  the  Latin  word  oleum  {oil.) 

Q.  Why  is  miUto'/i  fat,  4*<^.,  solidj  and  oil 
.  liquid  ? 

A.  Because  fat  contains  a  predomi- 
nance of  solid  ste'arine ;  and  only  a  very 
small  quantity  of  the  liquid  oily  substance, 
called  oleine.    On  the  other  hand,  oil 
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contains  more  of  the  liquid  oleine,  and 
less  of  the  solid  matter,  called  ste'arine. 
Q.       Why  is  butter  hard  in  wintery  and  soft 

in  SUMMER-^iwC  f 

A.  Because  in  winter-time  the  wea- 
ther is  too  cold  to  melt  the  ste'arine,  and 
the  butter  is  solid ;  but  the  heat  of  sum- 
mer dissolves  it,  or  holds  it  in  solution- 
in  the  oily  substance  called  oleine,  and 
the  butter  is  soft  and  liquid. 

Q.  Why  does  a  pop-gxtn  make-a  loud  report, 
vjhen  the  pa/per  btdlet  is  discharged  from  it  ?  p.  102, 

A.  Because  the  ajr,  confined  between 
the  paper  bullet  and  the  discharging  rod, 
is  suddenly  liberated,  and  strikes  against 
the  surrounding  air ;  this  makes  a  report 
in  the  same  way,  as  when  any  two  solids 
(such  as  your  hand  and  the  table)  come 
into  collision. 

Q.  How  does  steam  make  the  whistle  of  a  loco- 
motive engine  sound  ?  p.  i\0: 

A.  The  whistle  is  so  constructed,  as 
very  frequently  to  obstruct  the  free  pas- 
sage of  the  steam  through  the  jet;  in 
consequence  of  which,  very  rapid  vibra- 
tions are  caused  in  the  air,  producing  the 
sharp  shrill  sound  of  the  locomotive 
whistle. 

No  sound  is  ever-produced  in  any  sounding  body,  unleai 
there  are  12^  vibrations  in  a  second  of  time  j  if  &ere  aro 
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7680  yiV>rations,  the  sound  is  sharp  and  shrill ;  the  shrill« 
ness  increasing:,  as  the  vibrations  increase  in  number. 

Q.         Why  will  BRIGHT  IRON  LOSE  ttS  POLISH  bjf 

being  put  into  a  fire  ?  ;?.  231. 

A.  Because  the  oxygen  of  the  air 
very  readily  unites  with  the  surface  of 
hot  iron,  and  forms  a  metallic  oxide ; 
which  displays  itself,  in  this  case,  by  a 
dull  leaden  color,  instead  of  a  red  rust,    . 

Q.  WTiy  does  sound  seem  louder  in  caves, 
than  on  a  plain  ?  p,  381. 

A.  Because  the  sides  of  the  cave 
confine  the  sound-waves,  and  prevent 
their  spreading;  in  consequence  of 
which  their  strength  is  greatly  increased. 

Q.       Why  does  paint  preserve  wood  ? 

A.  1st — Because  it  covers  the  sur- 
face of  the  wood,  and  prevents  both  air 
and  damp  from  penetrating  into  the  pores : 

2dly — Because  paint  (especially  of  a 
white  color)  being  a  bad  conductor,  pre- 
serves the  wood  of  a  more  uniform  tem- 
perature: and 

3dly— -Because  it  fills  up  the  pores  of 

tlie  wood,  prevents  insects  and  vermin 

from  harboring  therein  and  eating  up  the 

fibre. 

Q.  Why  does  unseasoned  wood  decay  muck 
more  rapidly  than  wood  well  seasoned  f 

A.    Because  the  albu'men  which  the 
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sap  contains,  produces  a  specie^  of  fer- 
mentation ;  during*  which,  the  ceU'ulin 
and  ligneous  matter  of  the  wood  are 
turned  into  carbonic  acid  and  water. 

"  Albu'men,"  a  substance  resembling  the  white  of  an 

"  Cellulin,"  the  substance  which  compo^s  the  cells  of 
wood,  as  wax  composes  the  cells  of  a  honey-comb  in  a 
bee-hive. 

"Ligneous  matter,"  or  vegetable  fibre,  is  the  hard  or 
woody  part  of  wood. 

Q.  Why  is  wood  placed  in  a  stream  of  run- 
ning WATER  lo  SEASON  it  f 

A.  Because  the  running  water  wash- 
es away  the  sap ;  and  thus  prevents  fer- 
mentation and  decay. 

Q.  Why  mil  solviions  of  salts  prevent  the 
DECAY  of  wood  steeped  therein? 

A.  Because  the  salts  unite  with- the 
albu'men  of  the  sap,  coagulate  it,  and 
prevent  fermentation. 

Q.  Why  does  MOTHER  of  FBARi,  show  so  many 
colors  ?  pp.  364,  370. 

A.  Mother  of  pearl  consists  of  a  vast 
number  of  very  thin  half- transparent  lay- 
ers of  unequal  thickness,  over-lapping 
each  other  like  the  scales  of  a  fish. 

Where  these  layers  terminate  are  very 
small  grooves  or  streaks  running*  ^in  all 
directions,  which  act  like  prisms. 

It  is  these  streakings  or  grooves,  which 
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cause  the  various  and  changing  colors  of 
mother  of  pearl. 

The  samfe  thing  may  very  easily  be  imitated,  and  is 
frequently  done  in  what  are  called  "iris  ornaments."  first 
inyented  by  John  Barton,  Esq.,  of  the  Royal  Mint.  These 
iris  9maments  are  made  of  steel,  and  have  about  30,000 
grooves  per  inch ;  they  are  used  in  court  dresses,  for  but- 
tons, sword  handles,  &c.,  and  are  yery  brilliant  indeed. 

Mother  of  pearl  may  be  also  imitated  by  taking  impres- 
sions of  it  in  wax,  balsam  of  tolu,  isinglass,  or  gum ;  these 
Impressions  will  exhibit  all  the  shades  and  colors  of  mother 
of  pearl,  merely  because  the  impression  will  be  streaked 
or  grooved  in  a  similar  way. 

Q.  Why  can  you  JUL  a  drt  glass  beyond  the 
level  of  the  hrim  ?  p.  206.  ' 

A.  Because  the  mass  of  water  in  the 
glass  holds  the  overplus  back,  by  the 
power  of  attraction. 

Q.  Why  wUl  the  overplus  instantly  flow  over^ 
if  the  edges  of  the  glass  are  wet  ? 

A.  Because  the  water  on  the  edge 
of  the  glass  has  an  affinity  to  the  water 
towering  above  it,  no  less  than  the  water 
in  the  body  of  the  glass  has  ;  and  in  this 
state  of  equilibrium  the  force  of  gravity, 
acting  on  the  elevated  particles  of  water, 
causes  them  at  once  to  fall  over. 

Q.  JEf  you  leave  a  little  tea  in  your  cup,  and 
rest  your  spoon  on  the  bottom  of  the  cup,  why  does  the 
TEA  RUSH  to  the  SPOON  ?  p,  387. 

A.  Because  the  spoon  attracts  it,  by 
what  is  called  capillary  attraction. 

The  sloping  spoon  makes  with  the  sides  or  bottom  of 
the  cup  a  space  in  the  shape  of  a  ver^^  small  wedge ;  where 
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the  aperture  is  small,  the  cup  aikl  spoon  draw  the  tea  up 
by  the  force  of  attraction ;  and  the  narrower  the  opening, 
the  stronger  the  attraction. 

Q.  When  liquor  %$  decanted  or  poured  from  a 
bottUf  why  does  it  gurgle  ?  p.  256. 

A.  This  bubbling  noise  is  made  by 
the  air  bursting*  into  the  bottle,  and  the 
liquor  bursting  out. 

The  liquor,  filling-  the  neck  of  the  bottle,  prevents  the 
air  from  getting  freely  in ;  and  the  air,  pressing  against 
the  mouth  of  the  bottle,  prevents  the  liquor  from  getting* 
freely  out :  in  consequence  of  which,  the  air  bursts  into 
the  neck  of  the  bottle,  and  the  liquor  rui^s  from  the  same, 
by  fits  and  starts,  as  either  is  able  to  prevail :  as  this  pro- 
eess  is  repeated,  the  noise  produced  is  called  a  gurgle. 

Q.  Why  will  luciper  matches  ignite  by 
merdy  dravnng  them  across  any  rough  sv/rface? 
pp,  99,  221. 

There  are  two  sorts  of  lucifer  matches ;  those  that  ignite 
iUenUy,  and  those  that  ignite  with  an  explosion. 

A.  Silent  Lucipers  are  made  of 
phosphorus^  which  has  an  affinity  to  oxy- 
gen at  the  lowest  temperature;  in- 
somuch that  the  little  additional  heat, 
caused  by  the  friction  of  the  match  across 
the  bottom  of  the  lucifer-box,  is  suffi- 
cient to  ignite  it ;  and,  at  the  same  time, 
to  ignite  the  sulphur  with  which  the 
match  is  tipped. 

Explosive  Lucipers  are  made  of 
chlorate  of  potash^  which  will  explode  by 
very  slight  friction,  and  produce  combus- 
tion. 


MIR&ORS.  417 

"  Chlorat©  of  potash  "  is  a  compound  of  chloric  acid 
und  potash.  Chloric  acid  is  a  compound  of  two  gases, 
ehlorine  and  oxygen. 

"    Q.       Why  taiU  not  lucifer  matches  ignite^  if  they 
are  damp  ?  p.  48. 

A.  1st — Because  the  cold,  produced 
by  the  evaporation  of  the  water,  neutral- 
ises tlie  heat  produced  by  the  friction  of 
the  match  across  the  bottom  of  the  luci- 
fer-box:  sind 

2dly — Because  the  damp  prevents  th« 
free  accession  of  oxygen  to  the  match, 
without  which  it  cannot  burn. 

Q.  When  our  likeness  is  reflected  in  a  looking^ 
glass,  the  entire  image  is  re^rsed  ;  so  that  our 
EIGHT  cheek  is  the  left  cheek  cf  the  reflection^  ^c.  ; 
why  is  ihis  ?  p.  345. 

If  a  person  stands  opposite  to  us,  his  position  in  regard  to 
the  Cardinal  points  of  the  compass  is  altogether  reversed* 

As  in  a  mirror  all  the  lines  and  ang-les 
of  incidence  equal  the  lines  and  angles  of 
reflection,  it  is  manifest  that  those  parts 
of  the  person  which  are  nearest  the  mir- 
ror, will  seem  to  be  nearer  than  -  those 
more  remote;  but,  if  our  4lght  cheek 
were  to  cross  over  to  the  right  cheek  of 
the  reflection,  then  this  law  would  be 
broken. 

Our  right  cheek  would  cross  over  to  the  right  cheek  in 
the  mirror,  and  our  left  to  the  left,  JXb  ^°  which  (with- 
out doubt^  the  extreme  points  of  the  diagonals  A  A,  and 
3  B,  are  farther  apart  than  A  is  from  B. 
18* 
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Q  .     A  SILVER  ieorgpoon  becomes  more  heated 
bp  hat*  tea,  than  one  of  inferior  metal  {as  German  ' 
silver^  Nickel,  A'c);  why  is  this  ?  p.  156. 

A.  Because  silver  is  a  better  conduct- 
or  than  German  silver  or  Nickel.   ' 

The  three  best  conductors  of  heat  are,  1.  Gold,  2.  Silver, 
t.  Copper. 

Q.  ^  you  scrape  a  slip  of  paper  with  a  knife, 
why  will  the  paper  curl  ? 

A.  Because  the  under  surface  of  the 
paper  is  contractedrhy  the  scraping*,  which 
brings  the  particles  closer  together ;  this 
contraction  of  the  under  surface  bends 
the  slip  of  paper  into  a  curl  or  arch. 

Q.  Why  dbes'the  stopple  of  a  decanter  stick 
fast,  if  it  be  put  in  damp  ? 

A.  If  the  stopple  be  damp,  it  fits  the 
decanter  airtight ;  and  if  the  decanter 
was  last  used  in  a  heated  room,  as  soon 
as  the  hot  air  inclosed  in  the  inside  has 
been  condensed  by  the  cold,  the  weight 
of  the  external  air  will  be  sufficient  to 
press  the  stopple  down,  and  make  it  stick 
fast.  1^ 

.Q.  Why  does  the  stopple  of  a  smelling-bot- 
tle very  ^ten  stick  fast  f 

A.  Because  the  contents  of  a  sniell- 
ing'-bottle. are  very  volatile,  and  leave  the 
neck  of  the  bottle,  /and  the  stopple, 
damp. 

If  the  smelling-bottle  was  last  used  in 
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a  hot  room,  as  soon  as  the  hot  air  ami 
volatile  essence,  inside  the  bottle,  have 
been  condensed  by  the  cold,  the  weig-ht 
of  the  external  air  will  be  sufficient  to 
press  the  stopple  down  and  make  it  stick. 

In  the  last  two  instances,  the  pressure  of  air  forces  the 
stopple  down  too  far,  so  that  it  is  like  a  cork  which  has 
been  forced  into  a  bottle :  Hence  there  are  two  mechani- 
cal force*  to  contend  against;  1st,  The  weight  of  air  on 
the  stopple  which  holds  it  down,  as  an  exhausted  receiver 
is  held  tight  on  the  plate  of  an  air-pump :  and  2dly,  The 
]!ieck  of  the  bottle,  (expanded  by  heat  when  the  stopple 
was  put  in,)  will  girt  it  with  great  pressure,  so  soon  as  it 
is  contracted  again  by  cold. 

Qs  Decaying  vegetables  are  first  of  a  brownish 
iintj  why  do  they  afterwards  turn  of  a  deep  black  ? 

A..  Because  the  hydrogen  of  the  de- 
caying- vegetables  is  separated  from  the 
mass  by  the  process  of  decay,  and  leaves 
a  larger  proportion  of  carbon  behind. 

Vegetable  fibre  contains    62J  per  cent,  of  carbon. 
When  partially  decayed    64     "      "     "      " 
When  black  with  decay    66     "      "     "      " 

Q.  Why  is  an  oak  struck  by  lightning 
more  frequently  than  any  other  tree  ? 

A.  Because  the  grain  of  the  oak, 
being  closer  than  that  of  any  othei'  tree  of 
equal  bulk,  renders  it  a  better  conductor. 

It  is  said,  that  the  sap  of  the  oak  contains  a  large  quan- 
tity of  iron  in  solution,  which  impregnates  the  wood  and 
bark;  thus  increasing  its  conducting  power. 

Q.  Why  does  a  lobster,  wkich  is  black  while 
alive,  turn  red  by  being  boiled  ? 

A.     The  bkickmss  is  due  to  a  peculiar 
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coloring  matter  secreted  by  the  lobster ; 
which,  however,  turns  red  when  exposed 
to  the  heat  of  boiling  water. 

Q.  Why  does  a  shrimp,  which  is  nearly  white 
while  (dive,  turn  red  by  being  boiled  ? 

A.  The  delicate  pinky  whiteness  is 
due  to  a  peculiar  coloring  matter  secre- 
ted by  the  shrimp;  which,  however, 
turns  red  wheia  exposed  to  the  heat  of 
boiling  water. 

Many  coloring  matters  pass  into  each  other  under  very 
slight  changes  of  condition,  g.  e. 

Blue  indigo. changes  to  white  indigo,  if  only  one  atom 
more  of  hydrogen  he  added.  So  also,  the  green  chlorophyll 
of  leaves  changes  into  the  infinite  hues  of  the  petals  of 
flowers. 

The  science  of  colors  is  not  at  present  sufficiently  under- 
stood to  give  very  lucid  explanations  of  these  changes ; 
the  facts  are  known,  and  little  else  besides. 

Q.  Why  is  the  shadow  of  the  moon  stronger 
than  the  shadow  of  the  sun  ? 

A.  Because  the  light  of  the  moon  is 
not  so  strong  as  the  light  of  the  sun  •  in 
consequence  of  which,  the  dispersed  and 
reflected  rays  of  the  moon  cannot  reduce 
the  opatity  of  shadows  so  much,  as  the 
more  intense  rays  of  dispersed  and  re- 
flected daylight. 

"  The  opa'city  of  shadows,"  i.  e.  the  darkness  of  shadows. 

Q.  Why  does  hartshorn  take  out  the  red  spoi 
in^^doth,  produced  by  any  acid  ? 

A.     Because  hartshorn  is  an  alkali; 
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and  the  peculiar  property  of  every  alkali 
is  to  neutralize  acids. 

"  Alkali "  pronounce  Al'-ka-li.  Soda,  potash,  magnesia, 
&c.,  are  alkalies. 

Upon  this  principle  eflferveschig  drinks  are  made  of  a 
carbonate  of  soda  (an  alkali),  and  citric  or  tartaric.acid. 
Effervescence  is  produced,  by  the  giving  off  of  carbonic 
acid  during  the  process  of  neutralization. 

N.  B. — The  carbonic  acid  is  made  from  the  carbmi  (of 
the  carbonate  of  soda)  combining  with  the  oxygen  of  the 
acid.    p.  43. 

Q.  Why    will    POWDERED    SULPHUR    QUENCH 

FIRE  more  readily  than  water  ? 

A.  1st — Because  powdered  sulphur 
has  a  very  strong  affinity  for  oxygen,  and 
converts  it  into  sulphurous  acid  ;  as  this 
is  the  case,  the  fire  is  deprived  of 
its  essential  food  (oxygen),  and  is,  in 
fact,  starved  out :  and 

2dly — Because  sulphurous  acid  throws 
off  dense  white /arnes,  and  surrounds  the 
fire  with  an  extinguishing  atmosphere. 

The  difference  between  sulphurous  acid  and  sulphuric 
acid  is  this :  sulphurons  acid  contains  less  oxygen  than 
sulphuric  acid.  When  we  bum  sulphur  in  air,  it  throws 
off  suffocating  white  fumes,  called  sulphurous  acid. 

Q.      How  does  starch  stitpen  linen  ? 

A.     By  filling  the  interstices  of  the 
fabric  with  a  solution  of  starch,  by  which 
means  the  linen  is  made  more  rigid. 
,  Q.      Why   should   lightning-conductors    be* 

POINTED? 

A.    Because  points  conduct  electricity 
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away  silenlty  and  imperceptibly:  but 
knobs  produce  an  exphswn,  which  would 
endanger  the  building. 

Points  empty  the  clouds  of  electricity,  acting  at  a  mach 
greater  distance  than  knohs  ;  thus  a  Leyden  jar  of  consid- 
erable size  may  be  safely  and  silently  discharged,  by  hold> 
ing  the  point  of  a  needle  an  inch  or  two  off. 

Blades  of  grass,  thenars  of  com,  and  other  pointed  ob- 
jects, serve  to  empty  the  clouds  of  their  electncity. 

Q.  Whtf  do  BRICKS  tiMTfi  GREEN,  after  ihef 
have  been  exposed  to  the  toeaiJuT  ? 

A.  The  "  green"  is  a  moss  or  lichen, 
which  grows  on  the  bricks ;  the  seeds  of 
which  were  carried  to  the  surface  by  the 
winds. 

Q.  When  potatoes  are  boiled^  why  are  those 
at  the  TOP  of  the  boiler  cooked  sooner  than  those 
nearer  the  fire  ? 

A.  1st — Because  the  hottest  particles 
of  the  water,  rise  to  the  top  of  the  boiler, 
and  the  coldest  particles  sink  to  the  bot- 
tom: and 

2dly — Because  the  top  of  the  boiler  is 
always  enveloped  with  very  hot  escap- 
ing steam ;  in  consequence  of  which,  the 
potatoes  on  the  top  are  subjected  to  more 
intense  heat,  than  those  at  the  bottom  of 
the  boiler  are. 

Q.  ^a  SILVER  spoon,  which  has  been  tarnished 
by  an  egg,  be  rtibbed  with  a  little  salt,  why  will  the 
tarnish  disappear  ? 

A.     The 'tarnish  in  this  case  S^sulphvn 
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ret  ofsihei\  produced  by  the  sulphur  oS 
tlie  egg"  combining  with  the  silver  spoon. 
Salt  acts  upon  this  sulphuret  of  silver 
thus — 

The  sodium  of  the  salt  combines  with 
the  sulphur,  and  produces  sulphate  of  so- 
da. The  sulphur  being  thus  taken  away 
from  the  silver,  the  tarnish  disappears. 

"  Sulphuret  of  silver,"  i.  e.  sulphur  in  combination  with 
silver. 

Salt  is  a  compound  of  the  metal  called  sodium,  and  the 
gas  called  chlorine. 

*'  Sulphate  of  soda"  is  a  combination  of  sulphuric  add 
and  soda. 

Q.       Why  are    books  discolored*  by  age  or 

DAMP  ? 

Ai  Because  the  fibre  of  .the  paper 
becomes  partially  decomposed,  and  va- 
rious impurities  from  the  atmosphere  (or 
other  sources)  become  mixed  with  it. 

Q.       Why  does  sour  milk  (Jurdle  ? . 

A.  Milk  consists  of  five  ingredients : 
1,  Casein  or  curd  ;  2,  Butter ;  3,  Sugar; 
4,  Water ;  5,  Certain  Salts. 

The  Ca  sein  or  curd  of  siceet  milk  is 
like  the  white  of  an  e^^  before  it  is. 
boiled ;  but  the  casein  or  curd  of  sour- 
milk  is  like  the  white  of  an  e^^  after  it 
is  boiled. 

This  casein  or  curd  of  milk  is  coagu- 
lated by  acids : — ^When  milk  is  sour,  the 
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lactic  acid  of  the  sour  milk,  mixing  with 
the  casein,  coagulates  it ;  in  consequence 
of  which,  H  separates  from  the  water, 
and  becomes  an  insoluble  mass ;  or  (in 
other  words)  the  milk  curdles. 

"  Lactic  acid  "  (from  the  Latin  word  Lac,  milk)  is  the  acid 
of  sour  milk.  But  it  is  found  in  several  other  substances 
also,  as  in  the  fermented  juice  of  beet-root,  turnips,  car* 
rots,  rice-water,  tanning  bark,  &c. 

Q.       Whp  does  MILK  turn  sour  by  keeping? 

A.  Because  it  undergoes  a  fermen- 
tation; during  which  "lactic  acid"  is 
formed,  which  turns  the  milk  sour. 

The  lactic  acid  is  formed  from  the  sugar  of  milk  by  fer- 
mentation. 

Q.  TVhi/  does  milk  turn  sour  in  hoj  wecUkerj 
much  sooner  than  in  cold  f 

A.  Because  heat  very  greatly  accel- 
erates the  process  of  fermentation ;  dur- 
ing which  lactic  acid  is  formed,  which 
turns  the  milk  sour.  ^ 

Q.  Why  can  you  never  boil  stale  milk 
vnthout  curdling  it  ? 

A.  Because  stale  milk  is  in  an  incip- 
ient state  of  fermentation,  which  the  heat 
of  the  fire  greatly  accelerates :  The  lac- 
tic acid  which  is  formed  during  fermen- 
itation,  mixing  with  the  casein  of  the 
milk,  coagulates  it. 

Casein  {pronounce  cas'-e-in)  is  the  curd  of  milk,  coagu* 
lated  by  acids  only. 

Q.       Why  does  rennet  curdle  milk  ? 
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A.  Because  it  converts  the  sugar  of 
milk  into  lactic  acid,  which  mixes  with 
the  casein  and  coagfulates  it. 

Milk  contains  soda  and  potash ;  so  long  as  these  alkalies 
are  combined  with  the  casein  of  the  milk,  the  compound 
is  soluble  in  water,  and  the  milk  sweet :  but  when  the 
acid  deprives  the  casein  of  the  alkalies  by  combining  with 
them  itself,  then  the  casein  is  no  longer  soluble  in  water, 
but  is  precipitated  or  curdled. 

Rennet  is  the  prepared  inner  membrane  t>f  the  stomach 
of  a  calf;  so  called  fVom  the  German  word  rinnen  (to 
curdle.)  , 

Q.       Whif  does  churning  cream  convert  U  into 

BUTTER  ? 

A.  Cream  is  the  fat  or  butter  of 
milk,  contained  in  little  globular  cases  of 
albumen : 

By  churning,  this  film  or  envelop 
of  albu'men  is  broken,  and  the  butter  or 
fat  set  free. 

The  globules  are  invisible  to  the  naked  eye,  but  may  be 
distinctly  seen  floating  about  milk,  by  a  tolerable  micro- 
scope. 

Albu'men  is  a  substanqe  resembling  the  white  of  an  egg. 

Q.       Why  does  the  sun  or  fire  warp  wood  ? 

A.  Because  heat  draffs  out  the  moist- 
ure from  that  part  of  the  wood  which 
faces  it,  and  causes  the  heated  surface 
to  shrink ;  as,  therefore,  the  heated  sur- 
face of  the  wood  shrinks^  and  is  smaller 
than  the  other  surface,  it  draws  it  into  a 
curve,  and  the  wood  is  warped. 

Q.  Why  does  the  bun,  for  the  most  part,  pade 
a/rtifidal  colors  % 
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A.  Generally,  the  loss  of  color  arises 
from  tlie  oxidaticm  of  the  substances  used 
in  dyeing ;  as  tarnish  and  rust  are  an  oxi- 
dation of  metals. 

Sometimes,  however,  the  ingredients 
of  the  dye  are  otherwise  decomposed  by 
the  sun ;  and  the  color  (which  is  due  to 
a  combination  of  ingredients),  undergoes 
a  change,  as  soon  as  the  sun  deranges 
or  destroys  that  combination. 

Q.  When  a  knife  is  sharpened  on  a  grind- 
stone, why  is  OIL  or  water  used  ? 

A.  To  make  the  contact  more  perfect. 
The  oil  or  water  fills  up  the  interstices 
of  the  rough  stone,  and  makes  a  more 
uniform  surface :  In  consequence  of 
which,  the  entire  edge  of  the  blade  is  sub- 
mitted to  an  equal  portion  of  friction, 
which  would  otherwise  be  rough  and 
uneven. 

Q       Why  does  BAKiNo  dough  convert  it  into 

BREAD  ? 

A.  When  flour  is  baked  in  an  oven 
its  starch  is  changed  into  a  gum  called 
dextrin :  and 

A  similar  change  is  produced  upon 
the  farinaceous  portion  of  the  dough. 
The  ye(ist  (added  to  the  dough)  converts 
part  of  the  starch  and  sugar  into  alcohol 
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and  carbonic  acid :  Of  these,  the  alcohol 
evaporates  in  the  oten,  and  the  carbonic 
acid  forces  the  dough  into  bubbly,  in  its 
effort  to  escape,  rendering  the  bread 
light  and  full  of  eyes. 

In  100  lbs.  of  bread,  and  100  lbs.  of  dough,  we  have 

STARCH.      SUGAR.     DEXTRIN. 

In  dough,  68  lbs.  5  lbs.  0=100 

In  bread,  53*'*  3|  "  18=100 

whereby  it  will  be  seen  that  16J  lbs  of  starch  have  been  . 
converted  into  the  gum  called  dextrin  by  baking. 

Dextrin  is  a  gummy  matter  similar  to  that  which  com- 
poses the  cells  of  wood  (called  oellu'lin),  only  it  is  soluble 
m  cold  water. 

Diastase  {pronounce  di-as'-tase)  is  a  peculiar  vegetable 
principle  of  malt  extracted  by  water,  which  converts  starch 
into  dextrin  or  sugar. 

Q.  Why  does  bread  become  mouldy^  after  ii 
has  been  kept  a  few  days  f 

A.  Because  spores  of  the  mould  fun- 
gus, floating  in  the  air,  fix  themselves  in 
the  decaying  bread  and  germinate. 

Fungi  germinate  only,  in  decaying  bodies. 

Spores  {one  syllable)  or  Sporules  {two  syls.)  from  the 
Greek  word  a*opa  {seed)  is  a  word  used  by  botanists  to  in- 
dicate the  seed  of  cryptogamic  orfiowerless  plants.  They 
differ  from  seeds  in  this  respect,  every  part  of  the  spore 
shoots  into  a  plant,  and  not  one  particular  point  alone,  as 
in  common  seeds. 

Q.  Why  does  meat  tvtrewy  sootier  in  hoty 
DAMP  weather y  than  in  cold  T 

Putrefaction  is  simply  the  decomposition  of  the  original 
elements,  and  their  reunion  in  a  new  order.  The  new  order 
is  as  follows : 

1st.  Carbon  and  oxygen  unite  to  fbrm  carbonic  acid ; 
2dly.  Hydrogen  and  oxygen"    "     "        watery 
8dly.  Hydrogen  and  nitrogen   "     "      ammonia. 
N.  B.--Carbon  unites  with  oxygen  with  a  readiness  pro* 
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portioned  to  its  heat:  When  red  hot,  the  combination  is 

most  readily  effected. 

The  reasoa  why  meat  taints  more 
rapidly  in  liot  weather  than  cold,  is  this ; 
Because  the  carbon  of  the  meat  unites 
with  the  oxygen  of  the  air  more  readily 
when  hot  than  cold :  and 

The  reason  why  damp  aids  putrefac- 
tion is  this  ;  Because  the  damp,  deposit- 
ed on  the  surface  of  the  meat,  is  of 
itself  one  of  the  compounds  of  putrefac- 
tion, and  leaves  an  excess  of  hydrogen 
in  the  meat :   and 

Thus  the  original  proportions  and  com- 
binations of  ^he  meat  are  altered  and  de- 
composed. 

The  chief  reason  why  salt  preserves  meat  is  because  it 
absorbs  the  water  from  it,  and  deprives  it  of  hydrogen. 

Q.  .  W%y  does  meat  PUTRErY  most  rapidly  in 
very  changeable  weather  ? 

A.  Because  moisture  is  more  freely 
deposited  on  the  meat  in  very  change- 
able weather;  and  this  moistuue  is  a 
chief  compound  of  putrefaction. 

Q.  Birds,  after  they  are  killed,  keep  longer  in 
their  feathers,  than  when  they  are  plucked ;  why  is 
this? 

A.  Because  the  feathers  prevent  the 
air  or  damp  from  getting  so  readily  to 
the  bird,  to  produce  fermentation  or  de- 
cay. 
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Q.       Why  do  PLANTS,  which  are  kept  on  a  iftn- 

doWj  BEND  to  the  GLASS  ? 

A.  Because  the  side  away  from  the 
light  gr'ows  faster,  than  the  side  facing 
the  light,  and  pushes  the  top  of  the  plant 
over  in  a  curve. 

Wood  is  warped  by  the  fire,  because  the  under  surface  is 
imaller  than  the  upper. 

And  paper  is  made  to  curl  by  scraping  the  under  surface 
with  a  knife  for  the  same  reason. 

N.  B. — ^Woody  tissue  is  deposited  in  the  stem  most 
abundantly  on  the  side  nearest  the  light ;  and  where  wood 
is  formed  most,  growth  is  slowest,  because  the  part  is  less 
succulent. 

Q.  Why  does  Indiak-rubber  erase  pencil 
MARKS  from  pa/per  ? 

A.  Indian-rubber  contains  a  very 
large  quantity  of  carbon :  Black-lead  is 
carbon  and  iron. 

Now,  the  carbon  of  the  Indian-rubber 
has  so  great  an  attraction  for  the  black- 
lead,  that  it  takes  up  th6  loose  traces  of 
it  left  on  paper  by  a  pencil. 

Q.  Why  does  water  rot  wood  %  and  why 
does  AIR  rot  wood  ? 

A.  Because  it  tonverts  the  solid  part 
of  the  wood  into  what  is  called  humus, 
by  oxidation  ;  thus — 

1st — The  carbon  of  the  wood  is  oxi- 
dised into  carbonic  acid  ;  and 

2dly — The  hydrogen  of  the  wood  is 
oxidised  into  water — the  residue  be- 
comes humus  or  mould. 
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"  Hnmiis,"  prommnce  U'-nms.  The  black  mould  of  our 
gardens  is  called  hnmos,  and  is  produced  by  the  decay  of 
vegetable  matter  by  the  action  of  air  and  water. 

Q.  Why  does  waiter  mak^  a  hissing  runse, 
when  it  is  poured  on  fire  ? 

A.  Because  the  part  which  comes  in 
contact  with  the  hot  coals  is  immediately 
converted  into  steam  ;  and,  as  it  flies  up- 
ward, meets  other  particles. of  water  not 
yet  vaporised;  the  coUi^on  produces, 
very  rapid  vibrations  in  the  air,  and. a 
hissing  noise  is  the  result. 

Q.  Why  does  ho'F  iron  make  a  hissing  runse^ 
when  plunged  into  water  ? 

A.  Because  the  hot  iron  converts  into 
steam  the  particles  of  water,  which  come 
in  immediate  contact  with  it.;  and,  as 
the  steam  flies  upwards,  it  passes  by 
other  particles  of  water  not  yet  vapo- 
rised :  the  collision  produces  very  rapid 
vibrations  in  the  air,  and  a  hissing  noise 
is  the  result. 

Q.  Why  toill  HOT  iROi^  BEND  more  easily  than 
cold?  . 

A.  Because  it  is  not  so  solid.  The 
particles  are  driven  further  apart  by  heat, 
and  the  attraction  of  cohesion  weakened ; 
in  consequence  of  which,  the  particles 
can  be  made  to  move  on  each  other  more 
readily. 

By  a  still  further  application  of  heat,  the  particles  wiH 
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be  driyen  so  far  ftsander  from  each  other,  that  the  solid 
iron  will  liquefy :  in  which  state  the  particles  will  move  on 
each  other  almost  without  resistance. 

Q.       JVhp  Hoes  IRON  turn  first  red  and  then 

WHITE  from  HEAT  J 

A.  Light  and  heat  depend  upon  vi- 
brations ;  the  more  rapid  the  vibrations, 
the  more  intense  the  light  and  heat ; 
While  heat  is  a  more  intense  degree  of 
heat  than  red,  and  occurs  only  when  the 
vibrations  are  most  rapid. 

Candescence  occurs  when  bodies  are  heated  to  800®. 
It  begins  .with  a  dull  red  color,  passes  to  an  orange  tint, 
and  ultimately  to  a  shining  white. 

The  more  perfect  the  combustion  of  carbon  the  whiter 
its  color. 

Probably  these  varying  colors  depend  upon  some  variety 
in  the  thickness  of  the  molecules  of  the  heated  substance, 
caused  by  the  influence  of  heat ;  whereby  it  is  made  to 
reflect  different  colors  according  to  the  varying  thickness 
of  the  molecules.  But  the  subject  is  not  well  understood 
at  present. 

Molecules  {pronounce  mo'-le-cules)  are  very  small  par- 
ticles of  matter  in  a  mass.  Atoms  have  no  regard  to 
aggregation. 

Q.  Whjf  does  WATsa  freeze  mtyre  quickly 
than  MILK? 

A.  Because  milk  contains  salts  in  so- 
lution ;  in  consequence  of  which,  it  re- 
quires a  greater  degree  of  cold  to  con- 
ceal it  than  water. 

Water  freezes  at  32®,  tut  salt  and  water  will  not  freeze 
unless  the  thermometer  sinks  below  7**. 

Q.  Why  does  hot  water  freeze  more  quickly 
than  cold  r 

A.     Because  there  is  a  slight  agitaiion 
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on  the  surface  of  hot  water,  which  pro- 
motes congelation ;  by  assisting  the 
crystals  to  change  their  positions,  till  they 
take  up  that  which  is  most  favorable  to 
their  solidification. 

other  causes  may  have  a  minor  mfluence,  as  for  example : 
In  hot  water,  the  particles  are  sahdivided  into  smaller 
globules  by  the  heat,  and  offer  less  resistance  to  the  action 
of  cold  than  larger  ones.  2dly.  The  air  has  been  expelled 
from  the  water  by  the  process  of  boiling — ^hence  the  In- 
dians always  used  hoiUd,  water  in  their  ice-pits. 

N.  B.— Air  must  be  expelled  from  water  before  it  can  be 
frozen. 

Q.  Why  will  a  lUtle  oil  on  the  mrface  cf 
water  prevent  its  freezing  1 

A.  Because  oil  is  a  bad  conductor, 
and  prevents  heat  from  leaving  the  wa- 
ter. 

The  surface  of  water  never  freezes,  till  the  whole  mass 
Ss  cooled  down  to  42**. 

Q.  Why  does  water  in  a  very  exposed  plau 
freeze  more  rapidly  than  thai  which  is  under  cover, 
or  in  places  less  exposed  f 

A.  1st — Because  evaporation  goes  on 
more  rapidly,  when  water  is  exposed; 
and  carries  away  heat  from  the  general 
mass:  and 

2dly — Any  covering  will  radiate  heiU 
into  the  water  below,  and  prevent  the 
mass  from  cooling  down  to  42°. 

'^Badiate  heat"  means,  to  send  heat  out  in  rays. 
Q.       Why  are  olus,  gum,  starch,  and  pastb, 
adhesivet 
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A.  ^  Because  the  water  used  with 
them  rapidly  evaporates,  and  leaves  them 
solid. 

They  lose  their  adhesiveness  when  dissolved  in  water; 
and,-  therefore,  must  always  be  suffered  to  become  dry, 
before  they  will  hold  with  tenacity. 

Q.  Why  does  a  rail-way  tuain  make  mare 
NOISE,  when  it  passes  over  a  bridge  or  meadow, 
than  when  it  runs  over  solid  ground  ? 

A,  Because  the  bridge  (or  meadow) 
is  very  elastic,  and  vibrates  much  more 
from  the  we:  j*^*  of  the  train,  than  the 
solid  earth ;  in  consequence  of  which,  it 
produces  more  definite  sound-waves. 

The  bridge  acts  as  a  sounding-board ;  and  the  water  or 
earth,  below  the  bridge,  repeats  the  sound. 

Q.  Why  does  milk  boil  more  quickly  than 
water  ? 

A.  Because  less  steam  is  carried  off 
from  the  thick  liquid  (milk),  than  from 
the  thin  liquid  (water)  ;  in  consequence 
of  which,  the  heat  of  the  whole  mass  rises 
more  quickly. 

Q.  ^Vhy  will  milk  burn  very  easily^  when 
boiled,  while  water  will  not  do  so? 

A.  1st — Because  milk  contains  solid 
organic  substances,  capable  of  burning ; 
which  water  does  not : — and 

2dly — Because  the  heat  of  the  fire 
coagulates  the  albumen  of  the  milk 
19 
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which  falls  to  the  bottom,  and  adheres 
to  the  boiler. 

Alba'men  is  a  substance  resembliDgthe  white  of  an  egg, 
Q.       Why  does  wax  beame  soft,  before  U  turta 

JLIQiriD  ? 

A.  Because  it  absorbs  heat  sufficient 
to  loosen  the  contact  of  its  particles, 
before  it  has  absorbed  sufficient  to  liquefy 
the  mass. 

Q.  ^  ytm  heai  stbel  red  hot  in  the  fire,  and 
ikeii  plunge  U  suddenly  into  cold  weUer,  ii  becomes 
UARD  and  BRITTLE  j  why  is  this  ? 

A.  Because  the  sudden  chill  violently 
expels  the  latent  heat,  which  would 
have  settled  in  the  steel,  had  it  been  al- 
lowed to  cool  slowly. 

The  malleability  and  toughness  of  metals  depend  upon 
their  power  of  absorbing  heat. 

Q.  Why  are  the  icE-pits  of  India  lined  with 
Hraw  and  coarse  blanketing — stopped  up  vnih  straw 
at  the  mouth,  instead  of  a  door — and  thatched  on 
the  roof  instead  of  being  covered  toith  slates  or  tiles  f 

A.  Because  straw  and  coarse  blank- 
eting, being  very  bad  conductors  indeed, 
prevent  the  external  heat  from  getting 
to  the  ice-pits  to  dissolve  the  ice. 

Q.  How  do  the  natives  cf  India  profoide  them- 
Sdves  with  ICE,  when  the  temperature  is  much  higher 
than  the  freezing  poini  f 

A.  They  make  a  hole  in  the  earth 
about  2  feet  deep,  and  30  feet  square : 
They  cover  the  bottom  of  this  hole,  to 
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the  depth  of  a  foot,  with  the  stalks  of 
Indian  corn  or  sugar-canes : 

On  this  bed  they  place  fleet  unglazed 
earthern  pans  about  an  inch  and  a  quar- 
ter deep,  and  pour  into  them-(at  sun-set) 
soft  water,  which  has  been  boiled  and 
suffered  to  cool.  At  sun-rise  the  water 
is  found  to  be  frozen,  and  is  thrown  into 
the  ice-pit. 

The  reason  of  this  Is :  The  vessels  bein^  porous,  part  oC 
the  water  evaporates  through  the  pans,  and  reduces  the 
^  heat  of  the  water  sufficient  for  congelation. 

Q.  Why  is  it  customary^  in  very  hot  cotjii- 
TRiES,  to  sit  in  rooms  separated  by  curtainS)  instead 
of  walls;  and  to  keep  these  curtains  constantly 
sprinkled  with  water  ? 

A.  Because  curtains  are  bad  conduct- 
ors of  heat ;  and  the  rapid  evaporation 
of  water  reduces  the  temperature  of  the 
room  10  or  15  degrees.  - 

Q.       Why  is  it  impossible  to  WRiTfi  on  greast 

PAPER  ? 

A.  Because  grease  has  no  affinity  for 
water  or  ink,  and,  therefore,  will  not  mix 
with  it. 

Q.  Why  is  rain  said  to  ^  bring  down  the 
cold  r 

A.  Because  the  change  in  the  atmos- 
phere, which  causes  rain  to  fall,  seis  Jree 
latent  heat^  and  makes  it  sensible. 
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F^ost  ia  bn^ea  up  by  the  rains ;  and  the  sharp,  piercing 
wind^  being  laden  with  yapor,  is  much  mitigated. 

Q.  Why  does  turpentine  take  out  grease 
spots  from  cloth  ? 

A.     Because  it  dissolves  fixed  oils. 

Th^  fixed  oils  are  all  greasy  oils,  such  as  sperm  oil,  olivo 
oil,  &c.  The  other  sort  of  oils,  called  volatile  or  essential 
oils,  are  those  used  in  perfumery,  &c. 

Q.       Why  does  oxalic  acid  take  out  ink  sj>ots  f 

A.     Because  it  dissolves  the  tannate  of 

iron,  of  which  the  black  portion  of  the 

ink  consists. 

"  Tannate  of  iron  "  is  tannic  acid  combined  with  iron. 
Tannic  acid  is  the  acid  of  tan,  or  oak  bark. 

Q.  When  copper  is  exposed  to  moist  air,  it  is 
incrusted  with  a  green  coating,  called  verdigris; 
why  is  this  ? 

A.  Because  the  oxygen  of  the  moist 
air  combines  with  the  copper,  and  forms 
what  is  called  a  hydrate  of  the  carbonate 
of  the  protoxide  of  copper. 

**  Protoxide  "  (rpwrof -oxide,  the  lowest  or  first  state  of 
oxidation) :  The  protoxide  of  copper  is  a  combination  of 
t)ne  portion  of  oxygen,  and  one  of  copper.  Hydrate  (from 
the  Greek  word  v^wp,  water)  is  a  conlpound  containing 
water  j  but  in  all  hydrates,  the  substance  Forms  so  inti- 
mate a  union  with  water,  as  to  solidify  it,  and  render  it  a 
component  part.  A  "  hydrate  of  the  carbonate  of  copper," 
is  a  compound  of  water,  carbonic  acid,  and  copper;  and 
"  A  hydrate  of  the  carbonate  of  the  protoxide  of  copper," 
is  copper  in  its  lowest  state  of  oxidation,  in  which  carbonic 
acid  and  water  is  so  united,  as  to  form  a  solid. 
Q.       Why  does  zinc  tarnish  in  the  air  f 

A,  Because  the  oxygen  of  the  moist 
air  combines  with  the  zinc,  and  forms  an 
oxide  of  zinc. 
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An  "  oxide  of  zinc"  la  oxygen  in  union  with  einc. 
Q.       TVh^  does  salt  turn  silver  black  ? 

A.  Because  it  precipitates  an  oxide 
of  silver  on  the  surface  of  the  spoon,  the 
color  of  which  is  black. 

"  Marking:  ink"  is  made  of  soda  and  the  nitrate  of  sil- 
ver ;  the  black  mark  being  due  to  the  oxide,  precipitated 
on  the  cloth. 

Q.  HbiD  can  the  black  stain  of  silver,  made 
hy  salt,  be  removed  ? 

A.  By  washing  the  silver  in  harts- 
horn, or  cooimon  ammonia ;  by  which 
means,  the  oxide  will  be  re-dissolved 
and  the  blackness  entirely  disappear. 

Q.       Why  does  waxing  cotton  or  thread  make  it 

STRONGER  ? 

A.  Because  it  cements  the  loose  fila- 
ments to  the  cord ;  and  makes  the  strands 
of  the  thread  more  compact. 

The  *'  filaments  of  the  cotton,"  are  the  loose  fibres  hang- 
ing about  it.  The  "  strands  "  are  the  twists  or  single  yams 
twisted  into  a  thread.  Sewing  cotton  contains  two,  three, 
and  occasionally  more  than  three  strands. 

Q.  The  cromb  of  tcatking-sticks  is  made  by 
BOILING  the  end  cf  the  stick,  and  then  bending  it 
into  an  arch;  why  is  a  stick  made  flexible  by 

BOILING  1 

A.  Wood  contains  many  substances 
soluble  in  hot  w^er,  as  starch,  sugar, 
gum,  &c.,  and  several  other  substances 
which  are  softened  by  it :  as,  therefore, 
several  substances  are  dissolved,  and 
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6thers  softened  by  boiling  water,  the  stick 
is  rendered  flexible. 

Cell'ular  fibre  and  woody  matter,  wlien  bofled  in  water, 
become  soft  and  gelatinons. 

Q.      Explain  how  MAinrBB  makes  land  fzbl* 

TILE. 

A.  As  plants  extract  a  certain  amount 
of  salts  from  the  soil,  which  are  entirely 
removed  at  harvest,  it  is  6bvious  that  the 
soil  will  become  gradually  impoverished, 
unless  these  matters  are  restored;  this 
restoration  is  made  by  manuring  the 
soil. 

Q.       Wh^  is  60ANO  valuable  as  a  manure  ? 

A.  Because  it  contains  nitrogen  and 
ammonia,  both  of  which  are  essential  to 
plants. 

Q.       What  is  the  use  cf  lime,  marl,  4*^,  as 

MANURE  ?  ^ 

A.  1st — They  decompose  vegetable 
substances:  and 

2dly — They  liberate  the  alkalies  in 
union  with  the  silica  of  the  soil. 

Silica  {pronounce  Sil'-i-cah),  from  the  Latin  word  Silex, 
fimt — one  of  the  most  common  substances  on  the  earth— ^ 
containing  the  following  varieties— white  chuckyftooe— • 
violet  amethysts — red  ouartz — yellow  caimgonim — Brazil 
pebbles  for  spectacle  glasses — ^rock  crystal— chalcedony- 
agate— blood-stones — comeliait— flint,  d&c. 

Q.  Why  do  you  see  the  reflection  cf  two  cow* 
dles^  or  two  fires,  in  a  looking-glass  or  window-pans^ 
though  there  is  only  one  candle  or  fire  in  the  room  f 

A.     Because  each  surface  of  the  look- 
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ingrgl^ss  or  window-pane  makes  a  reflec- 
tion. 

N.  B. — In  order  to  see  these  two  reflections,  you  must 
not  stand  directly  before,  the  glass,  bnt  a  little  on  one  side. 

Q.  Why  is  the  sky  blue  an  a  JiTie  day^  and 
nol  red  or  orange  f 

A.  Because  the  momentum  of  red  and 
orange  rays,  (beingf  greater  than  that  of 
blue)  causes  them  to  penetrate  beyond 
the  clouds ;  but  the  blue  rays  are  stop- 
ped on  their  passage,  and  i*eflected. 

Q.  Why.  is  it  light  when  the  heavens  a/re 
covered  with  thick  clouds  ? 

A.  Because  the  multiplied  reflections 
of  the  sun  in  the  atmosphere  are  suffi- 
cient to  give  light  upon  the  earth,  even 
when  thick  clouds  are  passing  over  the 
disc  of  the  sun. 

Q.       Why  are  putrefying  fish  luminous  ?  p.  266. 

A.  Because  the  carbon  of  the  fish, 
uniting  with  oxygen,  forms  carbonic  acid ; 
and  the  phosphoric  acid  of  the  fish  (be- 
ing thus  deprived  of  oxygen)  is  con- 
verted into  phosphorus :  as  soon  as  this  is 
the  case,  the  phosphorus  begins  to  unite 
with  the  oxygen  of  the  air,  and  becomes 
luminous. 

Carbonic  acid  is  a  compound  of  carbon  and  oxygen. 

Phosphoric  acid  is  a  compound  of  phosphorus  and  ozjr- 
geos  It  you  take  the  oxygen  away  from  phosphoric  acid, 
we  xendue,  of  cottz»e,  is  ^otphonu. 
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The  hDBOMNBBefli  spoken  of  Is  dae  to  tiie  daw  eombus^ 
Utm  of  the  pho^rfionu,  whfle  it  is  mutiiig  with  the  oxygen 
of  die  air. 

Q.  Why  is  ike  sea  afUn  i-uifiirous  in  mrnmer- 
time  ?  p.  266. 

A.  Because  the  small  jelly  fisli  decay ; 
the  phosphoric  acid  which  they  contain 
(being  deprived  of -oxygen)  is  converted 
into  phosphorus^  unites  with  the  oxygen 
of  the  air,  and  becomes  luminous. 

Q.      Wkai  eauKS  the  disease  commonly  caUed 

A.  It  is  produced  by  an  insect  called 
the  "  itch  insect,"  which  burrows  in  the 
skin,  and  is  greatly  encouraged  by  filth. 
Sulphur,  corrosive  sublimate,  &c.,  will 
des  roy  the  insect,  and  cure  the  disease. 

Co^rosiye  sublimate  is  made  of  20O  parts  of  mercury 
with  72  of  chlorine.  It  is  plain  to  see  how  the  disease  is 
•(mtag:ious. 

Q.  Why  does  the  use  cf  salt  beef  produce 
scurvy? 

A.  Because  the  soluble  salts  are  re- 
moved from  the  beef  by  brine :  in  con- 
sequence of  which,  it  cannot  restore  to 
the  human  system  those  salts,  which  are 
essential,  to  preserve  the  blood  in  a 
healthy  state. 

Q.       Why  is  LiME-Jt7ioE  a  perfect  cuae  far 

SCURVY  ? 

A.    Because  it  contains  the  very  salts. 
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removed  jTmrn  the  beef  by  the  action  of 
brine. 

Namely— alkaline  phosphate— and  sulphate,  chloride 
and  phosphate  of  lime. 

"  Alkaline  phosphates  "  are  such  as  these — phosphate 
of  soda,  phosphate  of  potash  an*'  'Phosphate  of  magnesia; 
i.  e.  soda,  potash,  or  magnesia,  m  combination  with  phos- 
phoric acid. 

"  Sulphate  of  lime,"  a  compound  of  sulphuric  acid  and 
lime. 

"Chloride  of  lime,"  a  compound  of  chlorine  gas  and 
lime. 

*'  Phosphate  of  lime,"  a  compound  of  phosphoric  acid 
and  lime. 

Q.       Why  does  the  use  ^vegetables  generally 

FREVENT  SCURVY  ? 

A.  Because  they  contain  the  soluble 
salts  removed  from  the  beef  by  brine ; 
which  being  restored  by  the  vegetables, 
preserve  the  blood  in  a  healthy  state. 

Q.       Why  does  wood  decay  1 

A.  Because  the  oxygen  of  the  air 
unites  with  the  carbon  and  hydrogen  of 
the  wood,  and  forms  carbonic  acid  and 
water. 

Q.  When  wine  is  spUt  on  a  table-cloth, 
napkin,   or  handkerchief,    how    can  the  stain   be 

REMOVED  ? 

A.  By  dipping  it  in  a  weal^  solution 
of  chlorine. 

Bleaching  powder  is  only  Hme  impregnated  with  chlo- 
rine. 

Q.      When  WINE  is  spili  on  a  iabk-d^thf  4^.,, 
19* 
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why  do  persons  generally  cover  the  pa/rt  immediaUly 
teilh  SALT  ? 

A.  Because  salt  is  a  compound  of 
chlorine  and  sodium ;  and  the  chlorine  of 
the  salts  acts  as  a  bleaching  powder. 

Q.  When  infectious,  diseases  prevail,  how 
can  the  contagioiis  matter  be  removed  from  bed-rooms, 
hospitals,  houses,  ^c,  T 

A.  By  using  a  solution  of  chlorine,  or 
6f  sulphurous  acid  ;  which  will  not  only 
remove  the  contagious  matter,  but  also 
the  offensive  smell  of  a  sick  room. 

Q.  ViHiat  is  an  excellent  remedy  against  rats 
and  MICE  1 

A.  Sulphuretted  hydrogen.  All  that 
is  necessary  is  to  introduce  the  beak  of  a 
retort  into  a  rat-hole,  while  sulphuretted 
hydrogen  is  being  given  off. 

It  will  destroy  the  rats  and  make  the  hole  unfit  for 
others  to  frequent. 

SidphureUed  hydrogen  is  made  thus.  Put  into  a  retort 
or  i^lass  bottle  a  quantity  of  sulphuret  of  iron,  prepared  by 
heating  a  rod  of  iron  red  hot ;  bring  it  in  contact  with  a  roU 
of  sulphur—allow  the  Bulphuret  of  iron  formed  to  drop 
into  water ;  pour  over  it  a  small  portion  of  water,  and 
then  add  an  equal  quantity  of  sulphuric  acid ;  sulphuretted 
hydrogen  will  be  given  on  most  copiously. 

Q.       Why  does  gunpowder 'explode  ? 

A.  Ba^ause  of  the  instantaneous  pro- 
tduction  and  expansion  of  carbonic  acid, 
sulphurous  acid,  and  nitrogen. 

Gunpowder  consists  of  76  parts  of  nitre,  18  charcoal, 
and  11  sulphur.^ 
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Q.  An  object  in  the  shade  is  not  so  bright 
and  apparent,  as  an  object  in  the  sun;  why  is  it 
not? 

A.  Because  objects  in  the  shade  are 
seen  by  reflected  light  reflected,  i.  e.  the 
light  is  tioke  reflected :  and,  as  the  rays 
of  light  are  always  absorbed  in  some 
tneasure  by  every  substance  on  which 
they  fall,  therefore,  some  light  is  lost ; 
1st — Before  ihesecmvl  reflection  is  made, 
and  2dly — In  the  object  that  makes  the 
second  reflection: 

Part  of  the  rays  are  absorbed,  apd  part  are  scattered  in 
all  directions  by  irregular  reflections ;  so  that  rarely  more 
than  halfl^  reflected,  even  from  the  most  polished  metals. 

Q.  Why  are  green  gooseberries,  currants, 
^c,  HARD ;  and  ripe  ones  soft  1 

A.     Because  they  contain  an  infinite 

'  number  of  little  cells,  with  thick  walls ; 

these  become  thinner  from  day  to  day, 

as  the  fruit  ripens,  until  they  break ;  when 

'  the  fruit  becomes  soft. 

Q.  Why  is  porter  much  darker  than  ale  or 
beer  I 

A.  Because  the  malt  of  which  porter 
is  made  is  dried  at  a  higher  temperature 
and  slightly  charred. 

8maU  beer  is  a  weak  wort  fermented,  and  contains  1| 
per  cent,  of  alcohol. 
Ale  is  a  stronger  wort,  and  contains  7  per  cent,  of  alcohoL 
Porter  contains  4i  per  cent,  of  alcohol. 
Brovm  stout  contains  6|  per  cent,  of  alcohol. 
Burton  aU  contains  8i  per  cent,  of  alcohol. 
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Q.  ^  WINE  (n  BEER  he  imperfectly  corked^  why 
does  it  rapidly  turn  sour  ? 

A.  Because  air  gets  into  the  liquor ; 
and  the  oxygen  of  the  air,  combining 
with  the  alcohol  of  the  liquor,  produces 
ace' tic  acid. 

1  alcohol  and  4  oxygen,  become  1  hydrons  acetic  acid 
and  2  water. 

Q.       Why  does  pyrciigneous  add    preserve 
MEAT  and  remove  its  taint  f 
(Pyroligneous  acid,  is  vinegar  extracted  from  wood.) 

A.  Because  it  contains  a  small  quan- 
tity of  creasote,  which  is  a  great  preser- 
vative of  all  animal  substances. 

Oreasote,  pronounce  Ore-a-sote  (fVom  two  Greek  words, 
K^itfiesh^  and  9^»,  I  save),  an  extract  from  the  oil  of  tar, - 
and  a  powerful  antiseptic. 

Q.  Why  are  hams  preserved  by  smokino 
them? 

A.  Because  the  smoke  of  a  wood  fire 
contains  creasote,  which  is  a  great  pre- 
servative of  all  animal  substances. 

Q.      Js  TEA  a  NUTRITIOUS  beverage  ? 

A.  Yes;  the  tea-leaf  contains  the 
largest  amount  of  nutritive  matter  of  any 
plant  used  as  human  food ;  though  only 
a  portion  is  extracted  by  our  common 
method  of  making  tea.  When  soda  is 
added,  the  casein  of  the  leaves  is  dissolved, 
and  the  nutritive  quality  of  the  tea  is 
much  increased. 
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Casein  pronourtee  €as'-e-iii,  from  the  Latin  word  caseus, 
cheese;  because  cheese  consists  chiefly  of  the  casein  of 
milk.  It  is  found  in  many  vegetable  substances,  as  peas, 
beans,  lentils,  &«.,  and  is  the  same  as  the  substance  called 
legu'mine. 

Q.  How  do  the  Tartar  tribe);  make  a  most 
nidritious  food  from  tea  ? 

A.  They  boil  ihe  leaves  with  soda, 
and  eat  them  with  salt  and  butter. 

Q.  Soap  is  made  of  oil  or  fat.  How  is  it 
that  oil  and  fat  m^ke  water  greasy ^  whereas  soap 
destroys- grease  ? 

A.  Oil  contains  two  parts ;  the  solid 
part  called  stearine^  and  the  liquid  part 
Called  oleine. 

Stearine  of  oil  is  not  soluble  in  water ; 
but  when  soda  or  potash  is  boiled  with 
it,  the  oily  principle  flies  off*,  and  the 
stearine  is  converted  into  an  oxide  of 
potassium,  which  is  quite  soluble  in  wa- 
ter. 

stearine  {pronownce  8te'-a-rine),  from  the  Greek  word 
anap^  met ;  the  acid  of  stearine  unites  with  the  soda  or 
potash,  and  the  oily  principle  called  glycerine  flies  oflf. 

Oxide  of  potassium  is  the  fundamental  part  of  potash ;  it 
is  what  chemists  call  a  metallic  oxide. 

Q.  What  is  the  difference  in  composition  between 
HARD  soap  and  soft  soap  ? 

A.  The  hard  soaps  are  made  of  soda, 
and  the  soft  soaps  are  made  of  potash. 

Q.       Why  is  sorrel  sour  f 

A.     Because  it  contains  oxalic  acid. 

Oxalic,  ftom  the  Greek  word  o|aXf(,  sorrel.  Oxalic  acid 
is  sometimes  erroneously  called  ''  saU  oflenums,^^ 
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Q.       Why  are  unripe  apples,  goosebberies^ 

and  RHUBARB,  SOUR. 

A.     Because  they  contain  malic  acid. 

Ma'Iic,  from  the  Latin  word  malum,  an  apple. 

Q.  Why  are  tamarinds  and  unripe  grapes 
sour  ? 

A.  Because  they  contain  tartaric 
acid. 

Tartaric  acid  is  the  acid  of  tartar.  Tartar  is  a  substance 
deposited  by  wine;  adhering,  like  a  hard  crust,  to  the 
sides  of  the  casks. 

Q.  Why  does  tanning  hides  convert  them  into 
leather  ? 

A.  Because  oak  bark  contains  tannic 
acid ;  and,  on  evaporation,  this  acid  pre- 
cipitates a  solution  of  glue  upon  the 
hides,  which  converts  them  into  leather. 

Q.  Why  are  citrons^  UmeSj  lemons,  €Ntd  unripe 
oranges,  sour  ? 

A.    Because  they  contain  citric  acid. 

Citric,  from  the  Latin  word  citrus,  a  lemon  or  citron. 
Q.       Why  is  vinegar  sour  ? 
A.     Because  it  contains  ace'tic  acid. 

Ace'tic,  A*om  the  Saxon  word  eeced,  vinege^;  whence 
also  acidj  i.  e.  like  vinegar. 

Q.  Why  do  old  wine-casks  smell  offen- 
sively ? 

A.  Because  wine  (and  whiskey)  con- 
tain an  acid  called  oenanthic  acid ;  *which 
unites  with  the  alcohol  of  the  wine,  and 
forms  a  salt  of  an  offensive  smell. 
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This  salt  is  called  the  oenanthate  of  ethyle,  i.  e.  the 
winey  acid  of  ether. 

(Enanthate,  from  the  Greek  word  o<yof,  wine;  and 
•*  ethyle,"  from  the  two  Greek  words,  «ia«p-»Xf ,  the  basis 
or  fundamental  principle  of  ether.  • 

Q.  WTien  a  candle  is  blown  out,  whefiee 
arises  the  offensive  odor  ? 

A.  The  tallow  distills  a  substance  in 
the  smoke,  called  acryle,  which  has  a 
very  offensive  smell. 

**  Acrjle"  (pronouTice  ac'-ryle)  from  two  Greek  wovds, 
oMiy-vAii,  the  basis  or  principle  of  a  wick  or  end,  i.  e.  the 
odor  which  issues  from  a  wick-end,  after  it  has  been 
blown  out. 

Q.       What  causes  the  decay  of  teeth  ? 

A.  After  the  enamel  is  worn  off,  the 
dentine  or  ivory  of  the  tooth  is  left  bare : 
vThis  dentine  or  ivory  is  full  of  little  tubes, 
filled  with  lime ;  Now,  the  acids  of  saliva, 
mucus,  and  food,  dissolve  this  lime,  and 
fill  the  tubes  with  foreign  matters  ;  after 
which,  the  tubes  dissolve  or  crumble 
away,  leave  the  neiDe  exposed,  and  the 
pain  of  tooth-ache  ensues. 

Dentine  (from  the  Latin  word  dens,  a  tooth)  is  the  main 
part  of  the  tooth. 

Q.  Why  does  creasote  cure  tooth- ache  ? 

A.  Creasote  acts  as  a  caustic,  and 
burns  away  the  mortified  bone,  or  ulcer 
formed  upon  it,  which  produced  the 
pain. 

Tooth-ache  arises  ft>om  numerous  causes,  as  cold, 
stomach,  caries,  or  decay,  &c.  Creasote  is  a  remedy  for 
tooth-ache  only  when  the  pahi  arises  from  caries. 
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Ca'-ri-'es  is  a  Latin  word  which  signifies,  moitificatioa  or' 
nicer  of  the  bone. 

Q.       Whai  is  Indian  miber  ? 

A.  The  .  oil  or  resin  from  various 
species  of  ficus,  oxidised  in  contact  with 
air. 

"  Fi'-cns,"  the  flg-tribe. 
Q.       What  is  guita  percha  ? 

A.  The  oil  or  regin  of  a  tree  which 
grows  in  Malacca  ^Asia),  called  Isonan- 
dra  gutta,  oxidised  in  contact  with  air. 

Q.  What  wines  contain  the  most  spirit,  and 
what  the  least  ? 

A.     Champagne  is  one  of  the  weakest 
wines,  then  Aocfc,  then  claret,  then  sherry, 
and    port  is  one  of   the   most  potent./ 
Four  glasses  of  port  being  nearly  equal 
to  five  glasses  of  sherry. 

Champagne  contains  abont  12  per^isent.  of  alcohol. 
Hock  "       "  13  "  " 

Claret  "       "  16  "  " 

Sherry  "       "  19 

Port  "       "  23i 

Q.  What  is  the  origin  of  the  term  proof 
spirit? 

A.  It  is  derived  from  the  old  method 
of  testing  spirit,  which  was  thus :  the 
spirit  to  be  tested  was  poured  over  gun- 
powder, and  ignited  ;  if  the  powder  ex- 
ploded, the  spirit  was  said  to  be  above 
proof;  if  it  did  not  explode,  it  was  said 
to  be  below  proof 
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Q.  Whai  do  toe  mean^  ai  the  present  day^  by 
spirit  above  and  below  proof  ? 

A.  If  we  say  that  spirit  is  10  over 
proof,  we  mean  jiiis — that  100  g^allons  of 
it  will  require  10  gallons  of  loater  to  re- 
duce the  spirit  to  proof  strength.  So  on 
the  converse,  if  we  say  that  spirit  is  10 
under  proof,  we  mean  that  10  gallons  of 
water  must  be  taken  from  the  spirit  to 
raise  it  to  proof  strength. 

Proof  spirit  has  .91833  specific  gnrvity ;  the  strength  of 
spirit  is  now  tested  by  an  instrument  called  an  hydrom'eter. 

Q.      How  is  STEEL  made  from  iron  ? 

A.    The  iron  is  surrounded  with  char- 
coal, and  placed  for  six  or  eight  days  in  a  ' 
furnace,  intensely  heated ;    the    carbon 
unites  with  the  iron,  and  forms  what  is 
called  "  carburet  of  iron"  (or  steel). 

Q.       What  is  meant  by  "  shear  steel  ?" 

A.  Steel  used  for  making  shears^  for 
dressing  woollen  cloth :  Shear  steel  is 
broken  and  welded  frequently. 

Welded,  i<  e.  hammered  together  again. 
Q.       Whai  is  common  marking  ink  ? 

A.  There  ar6  generally  two  bottles — 
one  containing  a  solution  of  the  carbon- 
ate of  soda :  and  another,  containing  a 
solution  of  nitrate  of  silver.  The .  cloth 
is  first  moistened  with  the  carbonate  of  - 
soda,  dried,  and  then  written  on  with -a 
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pen  dipped  in  the  nitrate  of  silver.  An 
oxide  of  silver  is  thus  precipitated,  and 
leaves  a  black  mark  behind. 

Q.       What  is  jeweller's  poLD  \^ 

A.  An  alloy  of  gold  and  copper  with 
silvor — ^this  gold  is  liable  to  tarnish,  but 
its  brilliancy  can  easily  be  festored,  by 
immersing  the  metal  in  ammonia. 

Q.        How  is  IRON  GALVANIZED  ? 

A.  By  plunging  it  into  melted  zinc ; 
when  an  alloy  is  formed  on  the  surface, 
which  prevents  oxidation. 

Q.       What  is  the  difftren/^  between  lead  and 

•  SOLDER  ? 

A.  Solder  is  a  mixture  of  lead  and 
tin. 

F^ne  solder  U  2  tin  and  1  ^ead. 
Coarse  solder  is  1  tin  and  4  lead. 

Q.  WTiat  is  WHITE  lead,  used  fat  paint  f 
A.  It  is  prepared  by  placing  sheets 
of  lead  over  earthen  pote,  which  contain 
weak  acetic  acid,  and  stand  upon  tan  or 
dung.  The  lead,  being  corroded  with 
the  acid,  unites  with  the  carbon  and 
oxygen  evolved  from  the  dung. 

Q.       What  is  pewter  ? 
A.     An  alloy  of  lead  (or  bismuth)  and 
tin. 

In  the  following  proportions :  1  part  lead  and  20  ports 
tini 


TIN — FIREWORKS.  461 

Q.       What  is  BLOCK  UN  ? 

A.  Tin  purified  by  heat,  and, run  into 
moulds,  which  form  blocks  of  great 
size. 

Some  3  cwt.,  and  some  even  more. 

Q.  How  is  the  green  fire  of  fireworks  pro- 
duced  ? 

A.  By  the  nitrate  of  bary'tes,  which 
burns  with  a  green  hue. 

(Barytes,  pronounce  ha-ry'-tes)  an  earth  so  called  from  a 
Qreek  word  which  signifies  heavy^  {fiapvi.\  It  is  made 
thus ;  100  parts  of  nitrate  of  bary'tes  well  aried,  9  of  sul- 
phur, 7  of  chlorate  of  potash,  2  charcoal,  4  sulphuret  of 
antimony,  all  well  dried  and  mixed  in  a  mortar. 

Q.  How  is  the  red  fire  of  fireworks  pro- 
duced ? 

A.  By  the  nitrate  of  strontian,  which 
burns  with  a  red  hue. 

(Stronftian  is  an  earth,  so  called  from  a  village  in 
Argyleshire  of  the  same  name,  where  it  was  first  dis- 
covered.) It  is  made  thus ;  100  parts  of  dry  nitrate  of 
stron'tian,  mixed  with  12  parts  of  chlorate  of  potash,  80 
sulphur,  10  sulphuret  of  antimony,  and  3  charcoal,  tAl 
dried  and  rubbed  eareftiUy  in  a  mortar. 

N.  B. — Unless  care  betaken  the  mixture  will  explode. 
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ANTIDOTES  FOR  POISONS. 

Q.  J^  a  'person  has  swallowed  a  mineral 
poison^  such  as  arsenic,  wha>t  is  the  best  antidote  ? 

A.  A  teorspoonfal  of  sxdphur — or  half 
a  teaspoonfm  of  pearl-ash — or  a  tri?ie- 
glass  of  soap-suds  : 

After  a  little  while,  give  a  table-spoon- 
ful of  antimonial  wine,  and  plenty  of 
warm  water. 

Q.  If  a  person  has  swallowed  a  vegetable 
poison^  such  as  sulphuric  acid,  aqua-portis,  or 
OXALIC  ACID,  what  is  the  best  antidote  ? 

A.  Lime,  chalk,  pearl-ash,  magnesia, 
carbonate  of  soda,  or  soap-suds,  and  a 
plenty  of  wai-m  water  ;.a  dessert-spoonful 
of  antimonial  wine  should  be  added,  if 
at  hand. 

The  chalk  or  lime,  &c.,  unites  with  the  oxalic  acid,  and 
forms  oxalate  of  lime,  which  is  quite  innocuous. 

-  Q.      if  LAUDANUM  hos  been  taken,  what  is  the 
best  antidote  ? 

A.  A  tea-spoonful  of  common  mus- 
tard  ;   and  to  keep  the  patient  walking. 

Q.  If  CHLORINE  has  been  taken,  what  is  the 
best  antidote  f 

A.  Anjmonia,  which  will  neutralize 
the  ill  effects  of  chlorine. 

Q.  if  IODINE  has  been  taken  in  too  large  a 
quantity,  what  is  the  best  antidote  f 
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A.  Iron-filhigs  are  the  best  antidote 
for  an  over-dose  of  iodine. 

Q.  JjT  a  person  feds  faint  from  the  fumes  of 
p&ussxG  ACID,  what  is  the  best  arUidote  ?  ' 

A.  To  smell  the  vapors  of  stivng  am- 
moniaj  which  will  soon  restore  con- 
sciousness. 

Q.      How  can  warts,  ^c,  be  removed  7 

A.  By  mbbing  them  with  common 
solid  potash. 

Q.       What  is  the  best  antidote  to  verdigris  ? 

A.     Sugar,  or  white  of  egg. 

Q.       What  is  the  best  antidote  to  corrosfve 

SUBLIMATE  ? 

A.  White  of  egg,  or  milk ;  which  will 
combine  with  them,  and  neutralize  their 
poisonQus  qualities. 

Q.  ^a  person  has  eaten  too  much  fruit,  what 
is  the  best  antidote  ? 

A.  Lime,  chalk,  pearl-ash,  magnesia, 
carbonate  of  soda,  or  soap-suds. 

Great  relief  is  often  found  by  eating  the  hard  part  of 
cheese  (cat  close  to  the  rind)  thickly  covered  vnth  com- 
mon salt ;  the  reason  is  plain. 
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Acetic     Acid,        called 

Cit/rio       "  " 
Nitric        *• 

Oxalic       "  " 

Sulphuric "         .  " 

SiUpk.  of  Mununa  " 
Unu 

Iron  " 

"  Copper  " 

'*  Magnesia  " 

"  Zinc 

Nitrate  of  Potash  " 

saver  "    • 

Prussiate  of  Potash  " 

Tartrate  of  Potash  " 

Acetate  of  Copper  " 

Muriate  of  Soda  " 

CvideofLead  " 

iS/tp.  Acetate  of  Lead  " 


Distilled  Vinegar. 
Jui^e  of  Lemons. 
Aqiia  Fortis. 
Salt  of  Lemons. 
Oil  of  Vitriol. 
Alum. 

Plaster  of  Paris. 
Green  Copperas. 
Blue  Vitriol. 
Epsom  Salts. 
Glauber  Salts. 
White  Vitriol. 
Saltpetre. 
Lunar  Caustic. - 
Prussian  Blue. 
Rochelle  Salt. 
Verdigris. 
Table  Salt. 
Goulard.    . 
Smelling  Salts. 
Chalk,  Marble,  &«. 
Sugar  of  Lead. 


SuBLTMATRs  are  chemical  preparations,  the  basis  of 
which  is  quicksilyer.  In  corrosive  sublimates,  the 
quicksilver  is  extinguished  either  by  vitriol,  potter's  clay, 
or  some  other  ingredient. 

Sublimation  is  a  similar  process  to  distillation ;  only 
S(^ids  (such  as  metals)  are  employed,  instead  of  liquids. 

Thus  the  fine  blue  used  by  painters  is  a  sublimate,  and 
made  thus : — Take  2  parts  of  quicksilver,  3  flower  of  brim- 
stone, 8  sal  ammoniac;  and  (having  ground  them)  put 
them  with  the  quicksilver  into  a  glass  retort,  luted  at  the 
bottom:  place  the  retort  in  a  sand^heat;  and  (when  the 
moisture  is  given  off)  you  will4iave  a  splendid  blue  sub- 
limate for  painting. 

N.  B.  It  may  hi  profitable  to  remind  the  punil  that 
when  the  termination  "  ous  "  is  used,  it  implies  tnat  the 
substance  has  less  oxygen  than  when  the  termination  "  ic" 
is  added— thus,  sulphurous  acid  contains  lessoxjrgen  than 
sulphuric  acid,  &c.  4 
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Absorbers, 173 

not  conductors  173 
not  reflectors.    179 

radiators 182 

Absorption  of  hrat  . .  173 
not  conduction  178 

oflight 839 

Accidental  colors  ..  876 
Acetate  of  copper  ....  464 

Aceticacid 464 

Acid  of  drinks 248 

of  fermentation  . .  248 
Acids  dissolve  ice  ... .  82 
Activity    affected     by 

cold 90 

"    by  heat 92 

Aerated  water 247 

Aeronauts  feel  pain  138, 229 
Age  affects   power    of 

walking 392 

Aged  people  far-sighted 

361,  868 

Air 219,268 

.  always  in  motion  ..  270 
ascends  when  hot  . .  268 
bad  conductor  15, 165, 217 

bad  radiator 202 

cold 166 

colder  than  bloOd  . .  169 
composed    of  two 

gases 30,  219 

condensed  by  cold  . .  269 
cooled  by  convection  202 

cooled  by  rain 150 

cools  hot  iron 227 

density  diminished  by 

rain 316 

descends  when  cold  269 
o  double  current  in  a 

room 270 

(Vor  Index  to  Part 


Air  dries  linen 161 

elements  of 219 

ex|)anded  by  heat  102,  268 

full  of  smells 143 

eets  fire  up 54 

healthftil 242 

heated....  202,226,270 
not  by  the  sun  181,  226 
hotter  when  the  sun 

shines 227 

in  a  room 270 

inflammable,  see  hy-t 
dro^en. 

needful  for  fire 58 

non-conductor 19 

of  cities   unhealthy 

223,  242 
of  the  country  heal- 
thy    22.3,242 

on  land  colder  than 

on  water- 207 

on  land  cold  at  night  211 
preserved  normal . . .  224 
purified  by  lightning  82 
radiates  no  heat  ....  202 
rarefied  is  noiseless.  139 
rarefied,  bad  conduc- 
tor of  sound.  883 
*'        by  a  crowd..  239 

rusts  iron 281 

still  before  a  tempest  139 
use  of  oxygen  in ... .  220 
varies    in    tempera- 
ture.   313 

Air-gun ■, 101 

Air-pump  freezes  water  336 

Aisles  famous  for  echoes  884 

colder  than  galleries  229 

Alcohol  249 

from  sugar 260 

ni,  Me  page  486.) 
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Pago 

Alcohol,  boiling  point  of  1 15 

Ale 107 

bottled..., 1.  248 

frothof 248 

**  increased  by  heat 

107,  248 

Alkali 60 

Ammonia 254 

Anemometer 294 

Anglers  hate  a  magpie  145 

Angle  of  incidence .  •  •  •  344 

ofVeflection....  34^ 

Anhydrous  sugar 250 

Animal  fluids  conduc- 
tors      20 

AnimalHeat 83,258 

caused   )y  com- 
bustion       85 

Animal  and  yegetable 

life  dependent 225 

Animals  for  bode  rain..  141 
Ants  loTe  honey-dew. .  204 
Appetite,  see  hunger. 
Apples  full  of  air  .  i . . .  104 

roasted 103 

soft* 104 

April  showers 288 

Aquarfortis 454 

Argand  lamps 82 

Ascent  in  balloons  pain- 

fUl 138 

Ashes  soften  water ....  822 
Asses  bray  in  wet  wea- 
ther    141 

Atmosphere  (see  air) . .  284 

Aurora  borealis 136 

colored 136 

white 136 

a  prognostic  . .  136 

Autumn  tints 372 

Ayenues 353 

Azote,  see  nitrogen. 

Bales  catch  fire  spon- 
taneously      50 


Balloons 13i8 

inflated 107 

rise  (jsec  aeronauts,)  107 

Balls  of  fire .'     14 

Balusters  wet 200 

Banisters,  see  balusters. 

Barley  malted 251 

Barometer 296 

affected  by  cold  . .  300 

»         frost..  299 

"         heat..   802 

"         thaw..   300 

wind..  299 

rules  for  its   rise 

and  fall..  299,  806 
sudden  change  in  302 

use  of 298 

varies  most  in  win- 
ter   306 

"  least  in  summer  306 
when  highest. . .  306 
"      lowest  ...  307 
Barren  land  collects  no 

dew 194 

Bass  notes  in  music  . .  379 
Bass  presenres  flowers 

from  frost 191 

Bathing,  danger  of 869 

•'    with  ether  for  in- 
flammation   148 

Beakers  broken  by  hot 

water 120 

Beasts  covered  with  hair  165 

Beds  damp 149 

Beer,  fermentation  of  249 

flat 256 

fh>th  increased  by 

bottling 248 

froth  increased  by 

heat 107,  248 

stale 256 

soured  by  lightning  82 
not  old  beer ....     82 
spoiled,  if  the  vent- 
peg  be  lea  out  266 
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Beer,  yeast   added  to 

make  it  work 261 

(see  verU  peg,) 

Beer- vats  dangerous  . .  246 

Bells  heard  at  a  distance  880 

cradced,  sound  harsh  878 

ringing  dangerous  . .     28 

silenced  by  a  touch  878 

Bell-meUl 878 

Bellows 66 

Bible  explained..  164,  196 
311 
Birds  covered  with  fea- 
thers   166 

Bins  purified  by  lime  269 

Black 871 

cloth  warm ......  174 

eyes 179 

glass  for  spectacles  876 
hat  turns  red  at  the 

sea-side 821 

hole  of  Calcutta  . .  240 

Black  kid  gloves 176 

lead 232 

prevents  rust  . .  232 

mist 187 

,       skin 178 

tea-pot 184 

used  by  cotters  184 
set  on  a  hob  to 

draw 184 

will  never  blister..  178 
Bl&cksmiths  strike  fire 

by  nails 95 

Bladders   inflated   by 

heat 102,269 

Blaze,  blue 60 

green 60 

yellow 60 

between  the  bars 
of  a  grate....     60 
Blazing^  coals   bum 

quickly 44 

Blood 222,288 

purple 222 


Blood,  red 222,% 

Blowers 70 

Blowing  co^  broth,  tea, 

&c 168,298 

Blue 464 

8ky 126 

spectacles 876 

sublimate 464 

Body,iU^  of 86 

warm 84,258 

Boiler,  see  saucepan. 

Boiling 218 

"    WATER  bubbles..  Ill 

furrof 286 

OAkesitflat..  267 
is  in  a  ferment  214 

kept  hot 187 

rattles 112 

runs  over Ill 

swells 110 

one  pot  will  not  boil 

in  another 118 

retarded  by  a  qK>on  118 
<<    by  salt,  sugar  114 
without  touching 

the  boiler 114 

Boiling  point lift 

Boots  hot  when  dusty  181 

Bottled  ale,  Ac 248 

Brackish  water  unfit  for   • 
railway  en£:ines  ....  237 

Bracing  weathetr 14D 

Bread. heavy  ..., 268 

made  with  yeast  267 

Breath  exhaled 223 

inhaled 221 

visible  in  winter  200 
Breathing  described  . .  224 
difficult  on  A  moun- 

tam 229 

previous  to  a  storm  229 
Breeze    at    watenag 

places 291 

evening 290 

land 291 
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UTeeMt  monfog ^ 

of  islands 2»l 

sea....^..  290,291 

speedof. 293 

{see  wind.) 
Bricks  tot  cold  feet ...  162 

Brick  stoyes 163 

Briddayers  cannot  work 

in  a  frost  ....  334 
cover  work  with 

straw 834 

Bright  day  exhilarating  137 

Brilliancy 339 

Brine  retards  boiling..  114 

tested 835 

Britain  cloudy 128 

Broth  oooled  by  breath  227 
by  convection  228 
by  stirring  . .  228 

Bubblesintea 387 

of  boiling  water  111 

Bulk  for  bnlk 107 

Bumscored 148 

Bunt  stick  twisted  ..  874 
Burning  glasses 10 

Calcutta,  black  hole  of  240 

Calcareous 225 

Caloric 9 

Cambric  handkerehieft 

cool 172 

Camphor  antiseptic . . .  389 

Candles  ; 74 

bum 74 

cotton,  not  easily 

blown  out . . ; . .     78 

easily  blown  out  55,  77 

extinguished..^..     79 

bya  pin  ....*. .,     81 

breath. 77 

paper  .....     79 
flamo  blown  out . .     65 

hot 76 

^hollow 76 

pointed 77 


Candlo-flam^  purple  be- 
low       76 

tends  upwards    77 

yellow ^76 

Candles,  gas  of . . . .  84,  262 
held  at  a  door  270,  271 
hottest   above   the 

flame 78 

give  light 75 

make  glass  damp    78 

need  snuffing 80 

Palmer's 80 

prevent  ouf  seeing 

abroad 852 

reflected  in  a  win- 
dow   352 

.  rekindle  quickly..  55 
rush,  easily  go  out  78 
shadow  cast  by  . .  352 

smoke  of 81 

spirt 146 

suddenly  introduced 

give  pain 339 

wax,  need  no  snuf- 

flng 80 

Candlestick  rags  catch 
fire  spontaneously . .     61 

Cannon  balls  hot 101 

boring 100 

Canvass  flower-awning  191 

Capillary  attraction  75, 172 

388 

vessels 83 

Captain  Boss 381 

Capuchin 317 

Carbon.^ 40,74 

in  the  blood 238 

Carbonate  of  ammonia  454 

9f  lime ....  454 

Carbonic  acid  gas  43,  288 

'   absorbed  by  leaves  225 

accumulation  of, 

prevented 246 

deleterious 238 

detected 239 


INDBX. 


459 


Pofe 
Carbonic  acid  gas  dis- 
sipated by  red  heat  246 
in  buman  bodies . .     84 

ofthesoil 226 

sources  of 245 

CaRBU RETTED  HYDROGEN 

GAS 263 

Carpenters'  tools  hot. .     99 

Carpets  warm 167 

Carriage  in  a  storm..  26 
wheels  catch  fire  98 
windows  misty.  197 

Casks  charred 72 

Cart-grease 98 

Cathedral  aisles  ^moos 

for  echoes 884 

Cats  in  wet  weather  . .  140 
prowl  by  night . . .  342 
rub  their  ears  ....  142 
see  in  the  dark  . . .  341 
wink  before  a  fire  842 
Cattle  low  in  wet  wea- 
ther   140 

in  a  storm 25 

Caustic  lime 890 

lunar 454 

Caverns  famed  for  ech- 


Ceilings  sooty 71 

Cellars  cold  in  summer  231 
warm  in  winter  231 

Cerebellum 391 

Cerebnmi 391 

Chalk f..  464 

Champagne  acid 248 

Charcoal 72 

^  'bad  conductor ....  166 

fire  very  hot 72 

"  deleterious 245 

purifies  water  ....     72 

removes  taint 72 

Charring  bread  .....*..     73 

casks 72 

wood 73 


Chemical  action % 

Chestnuts  crack  when 

ro«|ted  ......  102 

notif  slit ......  103 

Chimney  pots 70 

fluos  long ....     64 

*'  short 64 

raised  above  a 
house...  64,68 

Chimnevs  smoke M 

if  a  room  be  too 

close 68 

remedy 64 

in  old  farm  houses  69 

valleys 67 

in  wind  ....  70,108 
if  too  long..  64,108 
Chimneys  smoke  if  too 

short "64 

remedy 6iS 

large 69 

remedy 70 

when  the  draught 
is  slack.. .....  65,69 

^     when  the  door  is  on 
*        the  same  side  . .     68 

remedy 68 

when  they  need  re- 
pairing       69 

sweeping 69 

when  two  fires  are 
in  one  room ....     67 

remedy 67 

China  broken  by  hot 

water 120 

ChlorophyU 372 

Choke  damp 244,  261 

Church  bells  heard  at  a 

distance    189,  880 
congregation  drowsy  241 
Churchyards  smell  offen- 
sively    265 

Chyle 221 

Chyme '....•  221 
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Cinders,  iron 48 

lighter  than  coals     48 

soon  heated 48 

will  not  blaze 52 

dirro-cnmulus   clouds    130 
Cirro-stratus  clouds . . .  130 

Cirrus  clouds 128 

Citizens  pale 222 

Citric  add 464 

City  air  unhealthy  ....  242 

Clay  for  furnaces 163 

Clean  kettles 174 

Cleanliness  connected 

with  the-dietary    93 

poverty 93 

Clear  day  overcast ....  285 
Are  bums  slowly  . .  44 
niffhts     exhilarat- 
ing   137 

Clocks  heard  at  a  dis- 
tance    380 

Close  rooms  unhealthy  240 
Cloth  collects  but  little 

dew 143 

Clothes  gather  damp  in    ^ 

summer l" 

wet 148 

Clothing  for  worfanen  154 
loose,  warmest ... .  165 
promotes  warmth  164 
want  of  makes  dirt 

agreeable 98 

Cloudiest  countries  . . .  123 

Clouds 122 

absorbed  by  wind  125 

cause  of 122 

cirro-cumulus  ....  130 

cirro-stratus 180 

classes  of 128 

color  of 124,  126 

compound  .......  130 

eumulo-stratus  . . .  131 

cumulus 129 

differ  from  fog  122, 209 
dissipated...  125;  133  I 


Clouds,  disfance  ftom 

the  earth 123 

edges  most   lumi- 
nous . . . .  ^ 369 

electrical 125 

fall  in  rainy  wea- 
ther   315 

fantastic  181 

float 123 

gather  round  hills  132 

height  of 12,  124 

highest 124 

highest  in  a  fine  day  115 
increased  by  wind  166 

intermediate 130 

light 115 

lowest 124 

morning  red 127 

motion  of 127 

nimbus 131 

rain  indicated  by  .  131 

red 126,369 

round     mountain- 
tops 132 

simple 128 

size  of 124 

stratus 129 

sun-set 133 

thickness  of 124 

how  ascertained  124 

thunder 15 

vary  in  shape ....  124 

in  color 127 

where  most  abund- 
ant   123 

where  least 128 

use  of .•  J32 

velocity  of 294 

wind  affects  them 

128,125 

yellow 188,  134 

mdicate  wet 134 

Cloudy  night  warm  ...  189 

oppressive ...  137 

Coalgas....- 74,262 


Coal  mines  explode . . .  ^» 

Coals  blatik 371 

blazing^ 44 

grotesque  fig^es  of  46 

for  fuel 48 

smoke 45 

Coffee,       spontaneous 
combustion  of . . . .     61 

Coke 69 

for  fuel 48 

spontaneous  com- 
bustion of 60 

Cold  Weather  affects 
the     barometer 

299,806 
makes  us  love  fkt    89 

activity 90 

out  of  doors 293 

promotes  hunger  .     90 
Colder  some  things  than 

others 155 

Colds  from  wet  clothes  149 

CoUapsing. 104,269 

Color  of  clouds 128 

electricity  ...     35 

Colors 864 

accidental  .....  375 
dark,  warm  ....  175 

light,  cold 175 

vary 370 

Combining  not  mixing     81 
Combustion  (see fire)..     83 

animal 84 

cause  of 43 

chemistry  of . . .  40,  43 
from  fermentation    60 

elements  of 43 

heat  of 40 

increased  by  wind     55 

in  the  veins 84 

produces  light ....     51 
spontaneous  ...  60,  84 
Communication  of  heat 

155 
Comtiiound clouds  ....  130 
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Compression  llB 

differs   from   con- 
densation       99 

Condensation 99 

Condensed  air 269 

CONDOCTION 56 

not  absorption..  If  8 

Conductors^ best  ....     56 

worst ; . .     56 

animal  fluids ...  20 
not  absorbers  ..  173 
of  lightning ....     27 

dangerous 29 

Convection 202,  213 

Convective  currents  226, 270 
cool  broth.....  228 

iron 227 

Cooking   vessels   with 

wooden  handles  ....  166 
Cooper     applies     hot 

hoops 117 

Copper  for  conductors      28 

sonorous  378 

tarnishes 233 

Cork  driven  out  by  heat  106 

Cornea 360 

Corns  ache  in  wet  wea- 
ther   230 

Corpse  cold 94 

Corrosive  sublimates . .  396 

Cotton  bales  catch  fire     60 

spontaneously.  60 

candles  hard  to 

blow  out  ....     78 

handkerchiefs  hot   172 

oiled  transparent  .  373 

Countries  most  cloudy   123 

least  cloudy  123 

Country  air  salubrious 

223,  242 
Countrymen         enjoy 

health 242 

ruddy 222 

Cowls 67,108 
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Crowds  duigeroiu  in  a 

storm 24 

prod  ace  drowsiness  242 
head-ache  .  239 

vitiate  air 239 

aohealthy  .......  240 

Crncibles  made  of  pla- 

tinun 236 

Calinary.Tessels 186 

have  wooden  handles  156 
should  be  sooty  ....  186 
Cultivation     promotes 

dew 194 

warmth  ...  152 
Cnmulo-stratus  doads    131 

Cumulus  clouds 129 

Cup  in  a  pie 116 

use  of 117 

why  ftiU  of  juice  J17 
Cnirents  of  air 270 

Damp  balusters 200 

beds 149 

clothes 195 

house 200 

Dandelion      forebodes 

rain 142 

Danger  in  a  storm  ...     18 
in  attics  and  cellars    22 

a  crowd 25 

in  a  theatre, &c...     25 

berore  a  fire 25 

near  a  tree 19 

in  a  river 19 

flocks  and  herds  are 

exposed  to 25 

those     who     bar 

shutters 24 

those    who    drive 

fast 21 

lean  against  a 

wall 23 

or  carriage.     26 

who  ring  bells  19, 23 

run 21 


Dark oolors warm  ....  iR 
radiate  heat  ..  18S 

Davy,  Sir  H 263 

Day  -  light      produces 

hunger  ....     88 
mitigates  cold    88 

Dead  bodies  cold 94 

smell 266 

taller  than  living  390 

Deafhess 382 

Decanting  liquor 256 

spirting..  266 

Decomposition 246 

Deep     water     freezes 

slowly 331 

Depression  of  spirits  . .  137 
Descent  in  a  diving  beU 

painAil 138 

Deserts  hot  and  dazzling  374 
Detonating  powder  . . .  101 

Dew 188 

cause  of 209 

deleterious 203 

differs  from  rain. .  209 
distilled  after  a  hot 

day 202 

especially    if    the 

wind  be  westerly  202 

in  fine  nights  only    189 

distilled  unequally  192  ^ 

in  open  places ....  190 

in  valleys  and  hollows  191 

on  clothes 195 

cultivated  lands  . .  194 

grass 194 

hair 201 

hat  201 

leaves,  &c 193 

none  beneath  a  tree.  190 
a  flower  awninff  191 
a  hedge  or  wall  19l 
none  in  a  cloudy  night  189 
in  a  windy  night  191 
especially  if 
easterly  ....  201 
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Pus 
Dew,  none   on  stones,  191 
cloth,  deserts.grav- 
el,  metal,  rocks, 

wool 194 

Dew-drops  round 205 

flattened 205 

roll  on  cabbages  205 
"       roses...  206 

Digestion 90 

Dinner  covers 187 

Dirt  warm 93 

Distant  bells  heard 880 

clocks 381 

objects  appear  small  354 

Bight 361,363 

spectacles  for  362 
Distance  makes  things 

invisible 857 

Distilled  vinegar 464 

Divers  suffer  pain    138,230 

Diving  bell, 138 

Doors  swell  and  shrink  143 
Dogs    uneasy    in    wet 

weather 140 

Dough  fermented 257 

set  before  a  fire  to  rise  258 

Double  concave  glasses  361 

convex  glasses ....  362 

DoWn  warm 165 

Draining  lands  promote 

warmth 151 

Draught  at  a  door ....  294 
key-hole.  294 
window..  294 

slack 65,23 

Dreams  390 

Driving    in    a    storm 

dangerous 21 

Drops  of  rain  roll  on 

dust 206 

Drowned  men  restored     99 
Drowsiness  at  church .  •  242 

Drums 879 

Dry  toast  for  invalids.     78 
wood  fbr  kindling     49 


Dry  wood  bums  best . .  IW 
snaps  about..  106 

Driest  months 807 

Dublin,  rain  of 317 

Duck  dry  in  water 206 

noisy  before  rain  141 

Dullness 839,371 

Dunghills  hot 258 

Dusty  shoes  hot 181 

Ear  trumpets 382 

Earth,  bad  conductor.  170 
cool  in  summer. . .  170 
cools  after  sun-set  189 
in  a  fine  night  189 
cracks  by  frost .. .  332 
crumbles  in  spring  833 
warm  in  winter. . .  170 
warmer   than    air 

by  day 189 

Earth-fog 204 

Earthen  tea-pots 184 

set  on  a  hob  to  draw  184 
Eat  more  in  cold  wea- 
ther      90 

less  in  warm  wea- 
ther      90 

Echo 883 

Echoes,  two  or  more . .  385 
remarkable  ..  885 

Effects  of  heat 101 

Effervescence 247 

soon  subsides  257 

Effervescing  draughts.  24T 

Egg,  component  parts  of  254 

discolors  silver  spoons  254 

new-laid,  cold 167 

stale,  warm 167 

"  smells  offensively  254 

tests  brine 335 

tested 167 

Egypt  not  cloudy 123 

Electricity  affects  the 

clouds  ....  125,127 
excited  by  friction    84 
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Pttfe 
Electricity  felt  at  the 

elbow  joints ....     S4 

hot U 

odor  of 36 

of  clouds 11,127 

positive  and  nega- 
tive       22 

resinous  and  vitre-     / 

ous 11,23 

source  of  heat ...»     11 
Electric  telegraph  ....     86 

Blements  of  air 40 

of  fuel 40 

Emetic  tartar 454 

Epsom  salts 454 

Esquimaux  love  blubber  91 
Equatorial  current. . . .  278 

Ethrr  51 

boiling  point  of  . .  115 
used  for  freezinjg;..  335 
"    inflammation, 
scalds^bums.  148 

vaporized 148 

European  skin  white..  178 

Evaporation 147 

freezes  ....  835 

of  sea 276 

Evening  clouds.  .  .126, 133 

grey 135 

red  126, 133, 370 
yellow  .  133,  234 
Evergreens  frost-bitten  212 
Ewers  broken  by  ftost.  325 
Expansion  by  heat  101, 117 
'Explosion    of    roasted 

chestnuts  ....  102 
of  gunpowder  ..  103 

of  mines 263 

Extinguishers 79 

made  of  paper    79 
Eyes  adapt  themselves 

toliffht 340 

affectea    by    blue 

glasses 375 

affected  by  fire-light  874 


Eyes  affected  by  sud- 
den light 339 

affected  by  the  sun  375 

black 179 

cornea  of 860 

retina  of 360 

two,  use  of 843 

"    see  single ....  848 

Face  soon  scorched  . . .  182 

Fanning 167,  298 

Farsight 361,  863 

spectacles  for..  362 

Farm-houses  smoke  . .     69 

Fat  men  swim  best  . .  •  887 

Fat  pleasant  in  winter    89 

not  in  summer    91 

Feathers  warm 165 

Feeling 892 

Feet  cold  before  a  fire.    57 
wet  dangerous ....  148 

Fermentation 249 

differs  from  pu- 
trefaction  252 

of  dough 257 

produces     com- 
bustion       60 

requires  water..  156 
Fender   and   fire-irons 

cold 178 

Fiddle-strings  musical  378 

snap  from  wet  816 

Fine  weather  braces  . .  140 

indications  of  134 

Finger  feels  cold  when 

wet 14$ 

Fire 89 

air  needful  for ... .  63 
bellows,  use  of  . . .  5$ 
black  and  red  ....    44 

blazes....' 4^ 

notinfrofit  ....    62 

bums  blue 141 

cause  of 48 

charooal 73 
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Pace 
Fire,  charcoal  danger- . 

ous 245 

dear 44,  63 

damp 261 

ditfers  from  animal 

heat  85 

dull,  cause  of  ... .     65 
effect     upon     the 

eyes    341,  374 

extingaisbed  ...  *  57 
by  water  67,  106 
fiercest  in  winter  .  63 
out  of  doors.. .  64* 
gas  generated  by  84 
grotesque     figures 

in  46 

heat  of 268 

how  increased  63,  63 

hot 44 

kindled  at  the  bot- 
tom       47 

lighted  with  paper 

and  wood 46 

light  dazzles 340 

light  variable  ....     52 

luminous 60 

melts  metal 121 

mottled , . .     45 

out  of  doors  45 

poker  draws  up  . .     66 

radiates  heat 182 

red  hot 44,  330 

reflected   on    win- 
dows .,, 352 

spotted 45 

sun  dulls  it 53 

thaw  dulls  it 65 

wind  intenses  it  . .     55 
Sue  atm/nisUon, 
Plre-irons  cold ....  161,  174 

hot 174 

rust 231 

*'    most  in  win- 
ter   232 

"    prt»yeBted 


Fishes  ascend  and  dive  8^ 
seem  nearer  than 

they  are 850 

cold 98 

pLiMB  of  a  CANDLS   ...       75 

described «     76 

blown  out  easily . .     77 

damp 78 

hollow 76 

hot 76 

hottest  above  ....     78 

luminous 76 

pointed 77 

purple  and  yellow    76 

smokes 81 

Flame  of  a  fire  between 

the  bars  of  a  grate  60 

blue  50 

green 50 

Flame  yellow 60 

Flannel  warm 93 

used  for  foot- warm- 
ers      98 

Flash,  see  lightning. 

Flat  beer,  &c. . : 265  * 

iron 147 

Flavor  discerned  by  the 

taste 392 

Flax   bums  spontane- 
ously      60 

Flint  and  steel  strike 

fire  ..., 96 

Flocks    dangerous    in 

storms 25 

Flowi'no  water  freezes 

slowly 829 

makes  rough  ice..  880 

oscillates 824 

pure 824 

Flower  awnings  arrest 

dew 190 

purify  air 282 

Flowers  8me!l  sweetest 
at  night,  and 
befjrerain 1M> 


20 
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Flowen  ibreibode  rain  iS 

Fluea 64 

bUcked 183 

long,     good      for 

draught 66 

short,  bad        "         65 
See  chimney. 

Flutes 879 

Fly  poison 890 

Foam,,  white 871 

Fooa 208 

arrest  sound 381 

canseof 123 

differ  fraat   dond 

122,209 

mist 209 

dispersed  by  wind  210 
dispersed  by  sun  209 

frozen 212 

in  autumn 209 

increase  distance .  141 

in  marshes 208 

in  valleys 210 

ma^ify 141 

none  ma  frosty  night  209 
Food  converted  to  blood  221 
cooled     by    the 

breath 293 

Food,  want  of,  produces 

hunger 89 

¥rant  of,  produces 

laziness 89 

aversion  to  clean- 
liness       98 

"  to  ventilation    93 

Footprints  frozen 825 

:Foot  warmers 162 

Forked  lightning 12 

forests  catch  fire  spon- 
taneously ....     99 

cold 152 

France  warmer  than  of 

yore  ..-; 163 

FacEziNa  mixtures.  . .  385 
FucnoN  <a«  rubding)    97 


Friction  excites  electri- 
city  34 

sets  forests  on  fire    99 

Frogs  cold 94 

croak  before  rain  141 

Frost  affects  barome- 
ter   299 

"    sound  . .  380 

braces 140 

breaks  ewers 825~ 

"  tiles,  stones,  rock  825 

"pipes 827 

cracks  earth 832 

"    mortar  .....  883 
expands  water ... .  325 

on  windows 23X) 

prevents  fog 209 

stops  work 834 

warmer  than  thaw  832 

Froth  of  beer....  107,248 
of  fermentation  . .  255 
white  .., 372 

Frozen  water  warm  . .  330 
ruts  and  foot-prints  326 

Fruits  cool  the  blood . .  92 
faU  to  the  earth  ..  388 
pleasant  in  summer   91 

Fuel,  dry  bums  well . .    49 

elements  of 40 

for  the  body 86 

wet  bums  badly. .     49 

Fulgurites 35 

Fumigation    for    sick 
rooms 889 

Funnel  (see  flues)  ....     64 

Fur,  baa  conductor  . .  156 

for  clothing 164 

warm 165 

Furnaces  of  brick  ....  163 
lined  with  clay  163 

Furr  of  kettles 236 

steam-engines  dan- 
gerous    287 

GaUeiyfaot 229,296 
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Qas 74, 109,  19 

differs  from  liquid  220 

elastic ^.,  220 

invisible 219 

jet  of 79 

of  candles 263 

Gauze  wire  of  safety- 
lamps  264 

prevents  explosion  264 
Geese  noisy  before  rain  141 
Geiman  silver  tarnishes  235 

tinder 100 

Gtermany  warmer  than 

of  yore  ,,,^ 163 

Germination 288 

Ghosts 266 

Gideon's  miracle 195 

Ginger-pop 248 

acid 248 

Glasses  broken  by  hot 

water 119 

broken  if  set  on  a 

hob 120 

covered  with  mist  198 
"  if  brought  from 

cellar 199 

dulled    by   a    hot 

hand 198 

"  by  breath,  «fcc.  199 
mist  of,  soon  sub- 
sides    198 

See  spectacles. 

Glass  a  reflector 352 

soon  cools....  196,198 
ground  not  trans- 
parent    373 

See  looking-glass. 

Glauber  salts 454 

Gloves,  black  kid  ....  176 
Lisle  thread...  176 
Glow-worms  glisten  by 

night 342 

Gluten 251 

ferments 252 

God's  wisdom  153, 166, 193 


195,  225,  283,  289,  328,  sSs 
Gold  never  tarnishes . .  236 
Goodness  (jsee  wisdom). 

Grape  sugar 249 

Grape  juice  needs  no 

yeast 254 

ferments 249 

makes  alcohol ....  250 

*'    carbonic  acid  260 

Grapes  never  ferment .  254 

Grass  promotes  cold  ..  152 

collects  dew 194 

Grate  {see  stoves). 

Gravel  collects  no  dew  194 

Gravity 387 

Gray  morning,  sign  of  a 

fine  day 134 

evening,  sigpof  wet  136 
Grease  liked    in  cold 

weather 89 

loathed  in  hot ....  91 
prevents  rust  ....  146 
used  for  wheels  . .     98 

Green  color 372 

wood  does  not  bum  105 
"  does  not  snap 
when    burned  205 
Grottoes    famous    for 

echoes 888 

Ground  frost 209 

Growth    promoted   by 

moonlight 203 

Guinea  fowls  squall  be-   - 

fore  rain ...,  141 

Gulls  fly  to  sea 146 

to  land......  145 

Gunpowder  explodes..  103 
Gusty  weather  makes  a 
smoky  house 70 

Hail 812 

accompanied  with 

thunder 818 

Hail,  cause  of 318 

falls  in  summer..  318 
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Hair,  bad  oondnctor  ..  1^ 
'  covered  with  dew  201 

warm 165 

Halk  fkmous  for  echoes  ^i 
Halo  roimd  the-  moon  136 

Handles,  wooden 156 

metal 156 

Hard   work  promotes 

hanger 87 

water  bad  for  wash- 
ing  234 

Hartshorn 253 

'  Hat  covered  with  dew  200 
tamed  red  at  the 

sea-side 320 

Hawks  see  near  and  &r  363 
Hay-stacks    catch  fire 

spontaneooslj 61 

Haze  round  the  son. . .  136 
"    the  moon  136 

affects  soond 381 

Head  aches  in  a  crowd  239 

itches  in  wet  weather  142 

Hearth-rug  warm  ....  159 

Hearth-stone  cold  ....  159 

hot 160 

Hbat 9 

absorbed 37 

and  light 51 

affects  barometer .  302 

''    soond 380 

animal...  83,223,258 
applied  to  the  bot- 
tom of  boilers  . .  214 
commnnicaUon  of  155 
conduction  of  ... .  155 
effects  of  ...  10  to  101 

evolved 37 

"    by  compres- 
sion  100 

expands  air  ..... .  102 

expands  water 334 

from  beaten  iron  .     94 
Increased  byaoca- 
molation 60 


Heat,  LATENT 38^9^ 

of  candles  ..; ....     76 

dunghills 258 

fire 258- 

ice 38 

human  bodies  84, 258 

lime 265 

radiates 182 

reflection  of 179 

sensation  of 9 

sooroea  of  . .  10  to  101 
Heating  rooms  by  stoves 

103,183 
by  steam  ....  183 

Heavy  bread 258 

Hemp,  spontaneous  com- 
bustion of 60 

Herds    dangerous    in 

storms 25 

Hedges  increase  ivai-mth  162 

Hills  lai^r  in  a  fog. . .   141 

seem  more  distant  141 

Hoar  frost 211 

not  found  on  trees  212 
under  shrubs,  Ac,  212 

of  frozen  fog 212 

on  clear  nights  only  211 

"grass 211 

"  tombstones. ....  177 
very  partial ......  211 

HONET-DEW 203 

Honev-dew,  ants  fond  of  204 

'effects  of 203 

injures  plants  ..  203 
Hoops  used  red-hot. . .  117 
Horizontal     sun     and 

moon 350 

Horses  strike  fire 97 

snuff  up  air  ... .  144 
imeasy   in    dull 

weather 141 

Hot,  cloudy  night  op- 
pressive   187 

Hot  water 187 

melts  sugar  . •  ••  828 
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Pace 
Hot  weather  abates  ac-    , 

tivity 92 

abates  appetite.     91 
produces  love  of 

fruit  ....     91 
"  dislike      of 
grease ...     91 
Hottest  place  at  church 

229,  296 
Houses  catch  fire  spon- 
taneously ....     69 
gather  damp  . . .  200 
seem  more  dis- 
tant in  a  fog  141 
smoke  in  valleys    67 
,  Hull  of  ships  seen  last  368 

Hunger 87  to  91 

promoted  by  cold    90 

.    "day-light 88 

"  rapid  digestion  .     90 
"  singing,     speak- 
ing, work....     88 
See  appetite. 

Hydrogen  gas 40,  74 

of  fuel 220 

Ice 826 

contains  heat ....     88 

dissolved  by  acids  832 

friction     99 

salt  ...  332 

sun  . . .  121 

erows  thicker....  329 

lighter  than  water  326 

Ice -bergs   famous  for 

echoes 384 

Ignis  patuos  ....  286,267 
cause  of .....  266 
Impure  water  purified    72 
Indian  mode  of  striking 

fire ;.-..    97 

Inflammable  air ... .  40,  74 
Insects  in  wet  weather  146 
Insensible  perspiratkm  197 
Intermediate  douds...  130 


Paie 
Iron  affected  by  light- 
ning       36 

cinders  .  .^ 48 

cold 169 

contains  latent  heat  96 
cooled  by  air  ... .  227 
"  convection  227 
"  radiation  .  227 
good  conductor ...  1 73 
heated  by  blows . .     94 

rust 231 

"  when  most  com- 
mon    231 

"prevented 232 

"scales  231 

sonorous  878 

stoves 163 

Ironing  box 147 

Islands  equable  in  tem- 
perature    291 

subject  to  wind. . .  290 

warm 291 

Itching  in  wet  weather  142 

Jack  o'-lantem  {see  ig- 
nis fatnms) 260 

Java  {see Jungles) 241 

Jet  of  flame  through 

bars 60 

Judges  vi.  illustrated  .  196 

Juice  of  lemons 464 

Jungles   of  Hindostan 
fatal 241 

BIettle  boils  ovier  ....  'Ill 
quickly  if  cover- 
ed with  soot  .  174 
slowly  if  clean..  174 
"      if  new...  174 
bottom     should 

be  sooty.....  185 
cold  when  water 

boils 186 

furrof. 286 

holder 167 
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Kettle-fid  clean 1% 

hot 186 

Kettle   not   AiIl   after 

boiling Ill 

runs  over Ill 

through  the  spout  112 

sings 109 

steam  of 216 

top  bright 185 

Kid  gloves 176 

Kilkamey,  echo  of 386 

Kindling  fires 46 

dry 49 

wet 48 

Ladies  fkn 289 

Lakes     which     never 

freeze 331 

Lamps 74 

Argand 82 

smoke 82 

spirt 149 

See  candle. 

Lamp-glas8es 82 

Land  air  cold : . . .  207 

Land  breeze  tinhealthy  290 
cools  faster  than 

water 207 

Laplanders  clad  in  skin  171 

Larvae 146 

Latent  heat 38,  96 

Laundress 147 

Laziness  caused  by  want 

of  food..     89 
by  heat....     92 

Lead,  dullness  of 234 

tarnish  of 234 

Leanness  from  starva- 
tion      86 

Leaves  absorb  carbonic 

acid 225 

collect   dew    une- 
qually  192 

exhale  oxygen  . . .  224 
green 872 


Leaves  in  a  p(md 8o7 

light  green  in  spring  372 
pale  in  dark  places  372 
promote  cold  ....  152 
yellow  in  autumn  372 

Lemons,  juice  of 454 

salt  of 454 

Lid  of  kettle  bright. . .  185 

hot 186 

rattles...  112 

Light  bread 257 

colors  cool 176 

Light 61,  338 

absorbed 839 

composed  of  vari- 
"    ous  colors   364,  370 
divided  by  a  prism  364 

from  a  flint 96 

compression 100 

of  candles 76 

fire 60,  62 

houses,  trees,  &c.  338 

the  sun 338 

reflected 339 

speed  of 387,338 

sudden,  painful. . .  339 

Lighting  fires 46 

Lightning 11 

afiects  iron  &.  steel    35 
*    electric  tele- 
graph       86 

balls 13 

barks  dD  snaps  trees   84 

clouds 12 

comes  from  clouds    22 
"      from  earth.     22 

conductors 28 

dangerous 29 

followed  by  rain . .     17 
by  wind...  17 
follows  dry  weather, 

not  wet 83 

forked 12 

ftises  metal 89 

kills  animate 14 
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Pace 
Lightning  knocks  down 
houses,    churches, 

&c 29 

magnetic 86 

maims 14 

odor  of 36 

passes  down  the  out- 
side of  a  tree  . .     20 
^        passes  through  the 
.     iiiside  of  animals    20 
produces  flilgurites    85 

purifies  air 33 

rare  in  winter  ....  33 
returning  stroke..  23 
scorches  trees ....     84 

sheet 13 

speed  of 18 

straight  18 

summer 17 

common  in  . .  33 
turns  beer  sour  . .  32 
milk  sour ....  30 
not  old  beer..  32 
not  porter  ...     32 

two  flashes 13 

See  danger,  safety. 

Lilac  steel  rusts 233 

prevented  233 
Lime  and  water...  31,  37 

burned 260 

hot 260 

purifies  bins   269,  389 

"      sewers  259,  389 

quick  or  caustic  . .  260 

Lime-wash   for  rooms  389 

Line  of  incidence  ....  344 

of  reflection 344 

Linen  cool  wear 171 

dried 151,296 

Linseed     oil,    boiling 

point  of 116 

LiaUEF  ACTION 121 

LiciDios  109 

bad  conductors.  213 
cooled 216 


Liquids  heated 2^1 

not  elastic 220 

Lisle  thread  gloves  . . .  176 

LON'DON  FOG 208 

Long  flues 107 

grass  promotes  cold  152 
Logs,  two  burn  better 

than  one 49 

Se/R  wood. 

Looking-glass 848 

a  reflector 848 

reflects  our  image 

approaching,  £c.  846 
reflects  our  whole 

person 845 

Lucifer  matches 266 

Lunar  caustic 464 

Lungs  described 224 

Mackarel  scales,  &c.  . .  130 
Mackintosh      prevents 

cold 140 

Madness   from  starva- 
tion      86  ' 

Ma^etic  eflects  of  light- 
ning       86 

Magpies  indicate  wea- 
ther   146 

Malt 262 

Malting 251 

Man  a  swimmer 887 

fat,  swims  best . . .  837 
no  bigger  than  a 

crow 856 

Marble 454 

March  comes  in  like  a 

lion 28r 

goes  out  like  a 

lamb 287 

dry    good,    wet 

bad 28a 

flowers  undesira- 
ble  28a 

use  of 287 

wind  dry 287 
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Mares' taUa 131 

Ifanhgw 261 

Marsapium 863 

Ifast  of  ships  seen  ficst  358 

Mayflowers 288 

Meat  covers 188 

Meat  liked  in  cold  wea- 
ther      90 

loathed  in  hot....     91 
roasted  by  reflect- 
ors   180 

taint  removed 389 

tainted  by  moon- 
light   203 

Mechanical  action.  . .     94 

Mercury  of  barometer.  297 

boiling  point  of.  115 

bright 235 

concave 304 

convex 304 

its  rise  &fkll,  303  to  308 

rises  from  heat. . .  119 

Metal  collects  no  dew  193 

conductors 156 

feels    colder   than 

wood 168 

hotter  than  wool  157 

fiised  by  fire 121 

by  lightning    32 
good  conductor. . .  156 

handles  bum 156 

reflectors 180 

tea-pots 184 

Milk  long  in  cooling  . .  216 
soured  by  lightning    30 

Mineral  springs 320 

Miners'  danger 264 

prevented  239 

Mirror  .- 343 

Mist  arrests  sound  . . .  381 

black 137 

cause  of 204,  206 

differs  from  cloud  122 
dew.  204 
fog..  209  I 


Mistmcreaseadislanoe.  141 

magnifies 141 

on  windows . . 196 

seems  to  rise 206 

vanishes  at  sunrise 

205,  209 

white 137 

Mixing  not  combining  30 
Money  hot  in  a  pocket  158 

Monsoon 280,  282 

Months,  driest  ........  307 

wettest 307 

Moon,  distance  and  size  356 
largest  at  horizon.  350 
reflected  in  water.  349 

seems  flat 356 

larger  than  stars  356 
Moonlight  makes  plants 

grow 208 

taints  meat  . .  203 

Morning  breeze 290 

gray 134 

rainbow 136 

red....  127,  184,  869 

streaks 127 

Mortar 260 

adhesive 260 

crumbles  ., 333 

hardens 260 

Motes  in  a  sunbeam  . .  228 
Mould  hardened  by  sun  153 
Mountains  cloudy  ....  132 

cold 181 

collect  rain 316 

fkmous  for  echoes  384 
impede  respiration  229 

noiseless 883 

Muriate  of  soda 454 

Murky  nights  oppres- 
sive  137 

Musical  instruments  . .  879 
flat..  380 

glasses 879 

notes 879 

sounds  .....«••  877 


Myrrh  antiseptic 


Nails  for  matches 95 

Naves  fitted  on  hot  ...  118 

Near-sight 860,  363 

spectacles  for  860 
Negative  electricity ...  22 
Negroes,  why  black. . .  178 
with  black  eyes  179 
New  kettles  boil  slowly  174 
Night  allays  hunger  . .     88 

exhilarating 137 

oppressive 137 

produces  cold  ....     88 

rainbow  at 135 

warm,  when  cloudy  189 

Nimbus  clouds 131 

Nitrate  of  silver 454 

Nitric  acid 30,33,  454 

Nitrogen  42 

expired 224,  239 

of  air 221 

Nitrogenized 254 

Non- transparency 373 

North  wind  cold 284 

dry 284 

North-west    wind    dry  286 
299 

Northern  lights 135 

Notes,  bass 879 

flat 380 

sharp 880 

treble 379 

November  rainy 289 

Odor  of  electricity  ....     35 

Oil,  elements  of 74 

linseed,  boiling  point 

of 115. 

of  turpentine  ....  116 

of  vitriol 454 

Oiled  paper  transparent  373 
Old  people  far-sighted  361 
hold  objects  at  a 
distance 363 
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Paf« 

Old   people  lose  their 

power  of  ni^lking  392 
spectacles  for  . .  362 
One  pot  will  not  boilin 

another 113 

how  to  make  it 

boil 114 

Out-of-door  work  pro- 
duces hunger  ....     89 
Owls  prowl  at  night .  •  342 
see  in  the  dark  . .  341 
sleep  all  day  ....  341 
»     screech  before  rain  141 

Oxalic  acid 396 

Oxide  of  copper 288 

iron 231 

lead 234 

Oxide  of  platinum  . . .  i  285 
potassium  ...  286 

silver 234 

sodium 236 

Oxidised 222 

Oxygen 41 

exhaled  by  leaves  226 
heats  the  blood...  223 

in  the  blood 238 

inhaled 222 

makes  blood  red..  223 
"      fuel  burn..  220 

of  air 96 

its  use 220 

supports    combus- 
tion   97,  220 

sustains  life 221 

Ozone 35 

Paleness 222 

Palmer's  candles 80 

Paper  bums 46 

not  always  49,  57 

extinguishers  ....  79 

oiled,  transparent.  873^ 

puckers  from  wet.  817 

used  for  kindling .  46 

PapiUae  892 
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Parifi,  plaster  of ^U 

Parlors  smill  of  smoke 

in  summer 71 

Partition  v^alls  to  arrest 

sound  .....' 382 

Pea-soup  fog 207 

Peacocks  forebode  rain  141 
Pearl  divers  deaf  .....  139 

Percussion 94 

Perspiration 88, 197 

Petals 370 

Petrels 146 

Petrifection 380 

Phosphate  of  lime ....  265 

Phosphoric  acid 43 

Phosphorus 65 

Phosphuretted  hydro- 
gen* GAS 265 

Piano  fortes 379 

Pickle  tested 335 

Pie  with  a  cup 116 

full  of  juice  ......  116 

Pigs  squeak  befbre  rain  141 
Pimpernel     forebodes 

rain 143 

Pin  puts  a  candle  out  81 
Pine  snaps  in  fire  ....  105 
Pipes  broken  by  frost  327 

Piston 100 

Plants  collect  dew  . . .  192 

forebode  rain  ....  143 

grow  out  of  walls  296 

after  moonlight  203 

Plaster  of  Paris 464 

of  stoves  falls 

away 118 

Plasterers  cannot  work 

in  frost 834 

Plate  warmer  ....  177, 180 

Platinum,  its  use 235 

never  tarnishes  235 
Ploughing      promotes 

warmth 151 

Plumbago 232 

prevents  rust  282 


Pago 

Poison  for  flies 890 

Poker  draws  up  fire  . .  66 
hot  against  a  stove  173 
cold  on  a  fender  161 ,  173 
how   to    carry    it 

when  hot 217 

Poker  rusts 232 

rust  of,  prevented  232 

Polar  current 278 

Polish,  use  of 163 

Polished  metal  tea-pots  184 

Ponds  dried  up 163 

Poor  averse  to  cleanli- 
ness       92 

ventilation 93 

lazy  .  ^ 89 

Pores  of  wood 106 

Porter,  froth  of  ..    107,248 
set  before  a  fire  107 

Porter,  stale 255 

Porter  vats  dangerous  245 
Positive  electricity ...     22 

Potatoes,  green 372 

yellow 372 

Potash,  tartrate  of....  464 

Potassium 236 

bums  in  water  236 

Primrose  yellow 371 

Prisms  divide  light . . .  864 
Psalm  cxlvii.  16,  illus- 
trated   164,  811 

Pump  handle  cold  ....  168 
water  hard  ....  320 
Purple  steel  rusts  ....  283 
its    rust    prevent- 
ed    283 

Putrefaction 268 

differs      from 
fermentation  263 
Putrefying  bodies  smell 

263,  266 

Quadrupeds  swim  ....  887 
Quick  lime  absorbs  car- 
bonic acid 246,260 
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Qaicksilverbrigfht....  ^5 

exting:aished  454 

Quiet  precedes  storm . .  139 

Radiation 182,  228 

cools  iron  ....  228 
Badiators  are   absorb- 
ers    182 

bad 162 

Bags  catch  fire  sponta- 
neously     60 

especially  candle- 
rags 61 

Railway  steamers 201 

water  for 237 

Rain 313 

affected  by  wind . .  815 
after  lightning ....     17 

arrests  sound 380 

cause  of 209 

clouds  bode 134 

cools  air 150 

differs  from  dew..  208 
dispels  carb.  acid . .  246 

fklls  in  drops 814 

fertilizing....  288,315 
from  passing  clouds  315 
heaviest  in  summer  318 
least-  at  the  poles . .  313 
most  in  mountain- 
ous places 316 

most  in  winter  289,318 
near  the  equator. .  318 

not  salt 323 

on  dust 206 

cabbages 206 

rose-leaves 206 

prognostics  of  ... .  134 

from  animals...    L40 

candles  &  fires  141 

clouds 134 

flowers 143 

purifies  air 815 

sudden  change ...  802 
Rainbow 364,  865 


Rainbow  colors  reversed  867 

Rainbows,  two 866 

Bain  drops 314 

vary  in  size  . .  314 
Bain- water  smells  offen> 

sively 322 

fertilizing ....  324 

not  salt 823 

soft 321 

stagnant 823 

unpleasant . . .  322 

Rainy  months 818 

Bare  air  bad  for  sound  383 
Battling  of  kettle-lid. .  112 
Bay  of  light  divided  . .  364 
Beading  aloud  produ- 
ces hunger 88 

Bed  color 222,  371 

rose  ....-...* 371 

sky 126,369 

sun-rise 127, 134 

sun-set 134 

Beflected  light 339 

BeFLECTION  of  HEAT  . .    179 

in  a  mirror 845 

in  water 846 

Beplectors  179 

help  the  roast ...  181 
keep  kitchen  cool  181 
not  absorbers ... .  180 
should  be  clean  and 
bright..  177,179 
**  not  be  painted  177 

Bepraction 358 

Befrangible 126 

Besinous  electricity. . .     23 

Betina 360 

Betuming  stroke 23 

Beverberation 3l33 

Bice  for  food 92 

BiVERS  flow  slowest  at 

sides 824 

fr'eeze  unequally 

828,380 
invert  our  image  810 
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Birets  never  frosen  «t 

bottom 328 

not  whollj  frozen  329 
sluLilow,     freeze 

&stest 330 

seem  shallower  than 

they  are 359 

warm  if  frozen ....  330 

Roast  apples 103 

soft 103 

.chestnuts 102 

Road  dark  from  a  light 

room 340 

Rocks  collect  no  dew . .  194 
broken  by  frost...  326 

Room  cooled 150,  295 

currents  of  air  in  a  270 

ventilated 295 

vitiated  by  a  crowd  295 
warmed  by  fire  . ..  240 

Rose  red 371 

Rosneath,  echo  of. ... .  385 

Ross,  Captain 381 

Rotation  of  earth 272 

Rotting  leaves  promote 

cold 152 

Rubbing 98 

Rubbing  hands  to  warm 

them 98 

melts  ice 99 

restores  suspended 

animation 98 

wood  excites  fire. .     98 
S^eftiction. 

Ruddiness 223 

Ruins  famed  for  echoes  383 
Running     '  promotes 

warmth 87 

in  a  storm  dan- 
gerous       21 

water  freezes  slow- 
ly    829 

water       makes. 

rough  ice 33 

"  oscillates 324  1 


Rnnning  mier  pure.. .  ^S 
Rush  lights  easUy  blown 

out 78 

extinguished  by 

a  pin 81 

Rust 231 

prevented 232 

when  most  trouble- 
some   232 

Rustics  healthy 242 

Rats  frozen 326 

Safetv    in    a     storm 

abroad 25  to  27 

at   a    slight  dis- 
tance from  a  tree  25 
best   to    be    wet    27 
in  a  carriage.. ..     26 

in  bed 27 

indoors 26 

Safetylamp 263 

Sailors  rarely  catch  cold  150 
St.  Bride's  church  de- 
stroyed by  lightning    30 

Salt 454 

and  snow  cold . .  39^  332 
and    wat^r    boils 

slowly 114 

crackles  in  a  fir^ .     49 

dissolves  ice 332 

^  dissolved  by  water  322 
especially  by  hot 

,  water 323 

flavors  water 322 

of  lemons 454 

retards  boiling. . . .  114 

smelling 454 

white ...372 

wat^r  unfit  for  rail- 
way engines..  237 
for  washing....  320 

Salts,  Epsom 896 

Sand  diuszling 374 

Saucepan    boils     best 
when  black. 185 
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Page 
Sauoepan  boils  slowly 

when  new ....  185 
lids   should    be 
clean  and  bright  185 

rattle 112 

Scaldcured 149 

Scripture  illustrated. . .  164 
146, 311 
Scum  of  fermentation..  255 
Sea-beach   healthy   in 

the  fAoming ....  290 
not  healthy  at  night  290 

Sea  before  storm 139 

gives  out  heat ....  292 
heaves  and  sighs . .  139 
less  hot  tlian  land.  275 
not  much  heated 

by  sun 276 

Sea-gulls 146 

Sea-v£^or  not  salt 164 

Sea-water  easier  to  swim 

in  than  fresh ...  335 
heavy  and  salt ... .  323 

rarely  frozen 331 

"      gives  cold..  150 

salt 323 

Sea-waves 292 

Sedentary  pursuits  abate 

hunger 89 

Seeing  in  a  glass 343 

into  a  (Urk  street.  352 
"  -    light  room.  340 
ourselves  in  a  small 

mirror 345 

the  same  object. . .  339 
when  used  to  dark- 
ness    340 

Sensation  destroyed  ..  391 
of  feeling...  391 

-of  taste 391 

Sewerspurifiedbylime  259 

Shade  cool 171 

Shadow  in  water. . .  346,  346 
Shadow  larger  aa  object 
approaches  a  light. .  852 


Shallow    water    soon 

freezes 830 

Sheep  bleat  before  rain  141 

in  a  storm.    25 

lie  under  hedges  140 

Sheet  lightning 14 

Sheets  wet 149 

Ships  out  at  sea 368 

hull  of,  last  seen  358 

Shirts  of  linen 172 

Shoes  cold  when  wet . .  148 
hot  when  dusty.  181 

Shot  hot 101 

Shower  cools  air 160 

Shutters  dangerous...  24 
Sick  rooms  purified. . .  389 
Sides  of  a  pond  covered 

with  leaves 388 

Sight  affected  by  sud- 
den light 339 

SjLVBR  meat-covei-s . . .  188 
should  not  be 
chased  ...  188 

nitrate  of 464 

tarnishes 234 

Simmering 109 

Simple  clouds 128 

Singing  of  a  kettle 110 

of  boiling  water    110 
produces  hunger    88 
Single  magpie  unlucky  145 
Size  diminished  by  dis- 
tance    354 

Skin,  black,  does  not 

scorch 176 

white  does 179 

itches  before  rain.  142 

Sky  blue 126 

Sleep     elongates     the 

body 890 

body  feels  not  in..  391 

dreams  in 891 

ears  hear  not  in. ,  •  391 
eyes  see  no^  in ...  •  891 
mind  wills  not  in..  891 
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Sleep,  Umgae  tastes  not 

in 391 

Sleet 310 

StitchestnnU 103 

Smelling  salts 454 

Smells  in  wet  weather  143 

of  bins  and  sewers  258 

church-yards...  265 

putrefying  bodies  253 

-Smoke 45,62 

ascends 62 

curls 62 

fells 144 

"  down  a  chimney   65 

of  fresh  coals 45 

candles 81 

lamps  diminish- 
ed by  a  glass.     83 
red-hot  coals. . .     45 

rises 107 

useful  in  cooking..  186 

chimneys 63 

See  chiiTmcy. 

Smoke  jacks 108 

Smouldering  wicks ....     56 

Snow 309 

arrests  sound 380 

bad  conductor. . .  .•  311 

cause  of. 310 

falls  in  winter 310 

"  not  in  summer  312 

like  wool 164 

noTu-ishes  the  earth  311 

on  mountains 312 

soon  melts  beneath 
a  hedge  or  wall    191 

use  of 310 

warm 810 

mixed    with  salt, 

cold 332 

white 812 

Soap 321 

cleansing 321 

hard,  soft 821 

yellow 821 
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Soap-babble8  ... 

ascend 925 

change  color  . . .  868 
Soapy  water  bubbles..  325 

Soda,  muriate  of 454 

water 247 

«    acid 248 

Sodium « 236 

decomposes  water  236 

Soft  soap 321 

water  for  washing  321 

Solids 109 

Sonorous  things  .....  377 

Soot  in  summer 71 

on  ceilings 71 

Sooty  kettles  ■ 174 

Sound 377 

affected  by  frost..  381 

heat..  381 

arrested  by  mist . .  381 

wet...  380 

diminished  by  rarity 

of  air 383 

heard  best  by  night  381 
in  a  frost  380 
inaudible  on  moun- 
tains    383 

velocity  of 377 

Sounds  musical 377 

prevented  from 
passing  from 
room  to  room  381 

Soup  long  cooling 215 

Sources   of  heat  . .  9  to  15 
South  wind  i-ainy  285,  300 

warm 285 

South-east  wind  rainy  286 

Sparks  from  a  firo 105 

aflint....   196 
a      horse- 
shoe ...     97 

Spectacles 361 

black 376 

blue... 375 

foraged 862 
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Spectacles  for  near  sight  860 

Spectrum 377 

Split  bells ^ 378 

Sponge  swells  when  wet  816 
Spontaneous   combus- 
tion ...  60,  84 
offwests  ...     99 
Spoons  become  dull . . .  234 

bent  in  water 359 

discolored  by  eggs  264 
retard  boiling  ...  113 
Speaking  produces  hun- 
ger      88 

Spray  white 371 

Spring,  best  late 288 

crumbles  the  earth  333 

bracing 140 

verdure  372 

Spring  water  cool  ....   171 
"        "        sparkles.  249 
Springs  prevent  freez- 
ing   831 

Sprinkling  to  cool  rooms  160 

Stagnant  water 323 

fun  of  worms  323 
Stale  beer.  &c.  (see  beer)  255 
Stars,  distance  and  size 

of 355 

invisible  by  day  . .  342 

iseem  fiat 856 

seen  in  a  well  ....  842 
seen  on  mountains  850 

twinkle 874 

Starvation 86 

produces  dirtiness  93 
laziness  89 
leanness  86 
madness    86 

Stbam 122 

engines  burst  ....  217 
invisible  ....  112,. 216 

of  a  kettle.. 216 

"    locomotive . . .  201 
pipes  should  not  be 
black  184 


Steam,  why  visible —  112 
w^hat  becomes  of  it  113 
Steel  affected  by  light- 
ning      36 

and  flint  make  a 

spark 96 

•  purple 233 

rusts 233 

prevented  233 
Stiek   burnt   makes  a 

circle  of  light 874 

Stillness  before  a  storm  139 
Stirring  cools  broth,  &c.  228 
Stockings   difficult   to 

draw  on  when  wet . .  317 
Stones  broken  by  frost  826 

cold 159 

collect  no  dew  193 
snap  in  Are ....  106 
unfit  for  fuel  . .     49 

Storms 139 

direction  of 84 

distance  of,  told  16,  19 
follow  dry  weather  83 
places  of  danger  in  19 
"  safety  in  26 
prevail  in  summer 

and  autumn ....     83 
rare  in  wet  weather   84 
Stoves     crack     when 

lighted 118 

when  cooling  . .  118 

of  bricks 163 

on  a  floor  ....  54,  217 

rust 240 

most  in   win- 

•  ter 232 

not  often 232 

prevented....  232 
settifigs  fall  away  118 
smell  ^of  sulphur . .     59 

smoke 69 

close 62 

warm  a  rooih  ....     21 
Strataofair 1 


480 


1H9SX. 


Stratus  olottds 1^ 

Straw  covered  over  brick- 
work    334 

over  trees 334 

"  water-pipes  334 
Streets  dark  from  a  lig^ht 

room .".   840 

seem  to-  meet  at 

bottom 854 

watered 160 

«  Striking  iron  makes  it 

hot 94 

Struggling  in  water  dan- 
gerous    336 

Stucco  peelsx>ff  in  frost  833 

Sublimates 454 

Sublimation 454 

Sudden  light  painAil . .  339 

Sugar 249 

anhydrous 250 

ferments 249 

at  top  of  tea  melts 

quickly 889 

flavors  water 322 

left  at  the  bottom 
of  a  cup  melts 

slowly 388 

makes  alcohol  • . . .  250 
*'    carbonic  acid  250 
melted  by  water . .  322 
"    especially  by 

hot  water.  322 

of  lead 454 

retards  boiling  . . .  114 
stirred  melts  quick- 
ly   388 

white 872 

Sulphate  of  lime  . .  820,  454 
magnesia .  454 

soda 454 

zinc 454 

Snlphuric  acid 454 

and  water    37 

boils  115 

SomzLer,  air  in 298 


Summer  allays  hunger    ft 

clothes  for 175 

creates  dislike  of 

grease 91 

"    love  of  fruit    92 

lightning 17 

Sun-beams  fbll  of  motes  228 

Son  affects  eyes 375 

dazzles 340 

dulls  fire 53 

hardens  earth 153 

lai^st  at  horizon.  850 
not  seen  in  a  well.  348 

radiates  heat 183 

reflected  in  water.  849 

seems  flat 356 

source  of  heat ....     10 

Sun-rise  red 127,  134 

Sun-set  gray 135 

red 133,  136 

yellow  ....133,  184 
Super-acetate  of  lead . .  454 
Suspended    animation 

restored 99 

Swallows  fly  low 144 

Swan  dry  in  water  —  206 
Sweet-wort  needs,  yeast  252 

Swimmers  sink 336 

Swimming 337 

in  the  sea 835 

Syrup,  boiling  point  of  116 

Tablesalt 454 

Tainted  meat  cured  72.  889 
in  moonlight.  203 

water 72 

TaUow 74 

Tarnish  233 

Tartar  emetic 464 

Tartrate  of  potash 454 

Tarts  have  a  cup  iii*iide  116 

fiUl  of  juice 117 

Taste 892 

Tea  cooled  by  >>lowi:ig  228 
by  stiinng  228 
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Tea  cooled  in  a  sanoer  1^ 

g^reen,  deleterious  390 

poison  for  flies  390 

Tea-pot,  bright  metal.  184 

tarnishes  ^34 

black  earth 184 

preferred  by 

some 184 

set  on  a  hob....  184 

Tea-spoons  tarnished  .  284 

by  eggs  264 

Telescopes 367 

Tempest 139 

affbets  weather  306 
See  storms. 

Thaumatrope 374 

Thaw  affects  barometer  308 

cold 331 

dulls  fire 66 

Theatre  dangerous ....     26 
Thermometer  ....119,  296 
Thick     clothing     un- 
healthy   164 

Thread  gloves  cool ....  1 76 

Thunder 16 

after  lightning ....     17 
bolts  {seefidgurUes)    17 

deep  growl •  16 

distance  of,  told.  16,  18 

followed  by  rain . .     17 

wind.     17 

irregular  roar  ....     16 

one  crash 16 

rolling  17 

See  danger,  safety^  storm. 

Tigers  prowl  by  night.  342 

see  in  the  dark.  341 

sleep  all  day  ...  841 

Tiles  broken  by  frost. .  326 

Timber  charred 73 

Tin-blowers 70 

foot-warmers  ....  162 
"    covered    with 

flannel  ....  162 
plate-warmer  ....  177 
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Tin-blowers  reflecton  wi 
See  reflectors. 

Tinder  blown 96 

Toast  and  water 73 

dry,  for  the  sick..     73 
Tomb-stones  frosted  . .  177 

Tongs  rust 232 

prevented..  232 
Tools  hot  fVom  use  ...     99 

Trade  winds 277,  280 

Transparency 878 

Treble 3T9 

Trees  barked  by  light- 
ning       34 

collect  dew  ....  190 
covered    with 

bass,  &c 884 

look   more   dis- 
tant in  a  fog..  141 
not  frost-bitten.  211 
promote  warmth  162 

purify  air 242 

shade  of,  cool  . .  171 
Trefoil  forebodes  rain  .  143 
Tube  of  barometer ....  297 

Tubs  dried  up 163 

Tumblers  (see  glasses.) 

Twilight 370 

Twinkling  of  stars  ....  874 

Two  eyes 843 

"      see  single  . .  843 
logs  bum  best ....     49 

Unslit  chestnuts 103 

Use  of  barometers ....  298 

clouds 132 

smoke  in  cooking  186 
snow 310 

Valley  chimneys  smoke    67 

Vaporization 122 

Vapor  a  conductor ....     25 

forms  fog  and 
cloud 209 

of  a  carriage  .  197 
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Vapor  of  a  room  ....  196 

of  sea  not  salt  154 

Varnish  to  prerent  rust  232 

Vats  fatal 244 

Vegetable  and  animal 

life  dependent 225 

Vegetables  absorb  car- 
bonic acid  . . .  225 
agreeable  in  sum- 
mer       91 

collect  dew  ....  192 

cool  the  blood . .     92 

exhale  oxygen .  224 

Velocity  of  clouds  ....  294 

light 338 

sound 384 

wind 294 

Vent  peg 266 

Ventilation 93,  296 

sought    by    the 

well-fed 93 

sought  not  by  the 

ill-fed 93 

Verdigris 454 

Vertical  sun 273 

Vinegar  antiseptic  ....  389 

distilled 454 

Violets  blue 371 

Violins  musical 378 

Vitreous   electricity  11,  23 

Vitriol,  oil  of 464 

white 454 

Walls  to  arrest  sound  .  382 
wet  in  winter  ....   199 

"    in  a  thaw 199 

Want   conhected  with 

dirt 92 

Warm  clothes 175 

some  things  more 
than  others. ..  166 

Warming  rooiiis 217 

Wash-hand  basin 160 

Washing,  water  for 269 

should  not  be  hard  320 


Water  (jsee  rain) 319 

and  lime 31,  37 

and  sulphuric  acid    37 

ashes  soften 321 

bad  conductor  161,  214 

boiling..   116,213,215 

bubbles  .  Ill,  214 

rattles 112 

runs  over  ....   Ill 

sings 109 

cleans  dirty  linen  .  321 

cold 160 

coDTerted  to  steam 

121,  319 

cools  slowly 207 

deep,  freezes  slowly  3-30 
dried  up  in  summer  163 

elastic 253 

expands  by  frost . .  327 

by  heat..  327 

extinguishes  fire  57, 106 

not  always  57.  58 

flat  when  boiled  . .  257 

fluid 319 

flowing,  pure 824 

for  washing..  259,320 
freezes  at  the  sur- 
face    328 

ft-esh,  sparkles  . . .  260 

frozen  by  ether  . .  834 

air-pump  336 

fuel 58 

furrof 237 

hard 320 

'  agreeable  to  drink  260 

unfit  for  washing  320 

how  preserved  cool  179 

hot  179, 187 

heated  213 

intenses  fire 57 

inverts  images  . . .  846 

kept  hot 215 

melts  sugar,   salt, 

&c 822 

especially  hot  878 
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Page 
Water  mixed  with  salt, 

bolls  slower ....  115 
needful  for  ferment- 
ation    265 

not  heated  above 

boiling 215 

of  a  spring  cool  ..  171 

oscillates 824 

pmnp,  agreeable..  260 

hard 819 

purified  72 

purifies  bins,  &c. .  259 
reflects  sun  by  a  spot  350 
moon  by  a  path  349 
running,  keeps  pure  324 
salt,  bad  for  wash* 

ing 320 

shallow,       fVeezes 

fastest ;  330 

simmers 109 

slackens  flame ....     58 

soft 259,321 

best  for  washing  321 

sparkles 249 

stagnant 323 

full  of  worms  323 

stale 257 

swells  with  boiling  110 
will    not    bubble 

without  soap...  324 
warm  when  frozen  330 
Water-pipes  broken  by 

frost 327 

covered  with  litter  334 
Watering  plants  by  the 

saucer 38B 

streets 160 

Waves 292 

Wax 74 

candles  need  no 

rouffiug 80 

^yef^thep    aflfected    ])y 

teh^pests  ....  30^ 
effected  by  weight 
j^f  air.......  297 


Weather,  prognostics  of  130 
told  by  barometer  296 

rules  for 299 

Weather-toys »  317 

Well,  stars  seen  in  ... .  348 
sun  not  seen  in  . . .  348 

West  winds 201,  285 

Wet  clothes  give  cold  148 

safe 27 

feet  dangerous  ...  148 

finger  cold 148 

indications  of  134  to  136 

kindling 48 

night  oppressive . .  137 

sheets 149 

summer,  cold  win- 
ter   151 

weather    oflfensive 

"    187,140 

Wettest  months 307 

Wheels  catch  fire 98 

greased 98 

kept  cool  by  water  153 
Wheel-ruts  frozen  ....  326 

Wheelwright   117 

White  '  371 

blisters  178 

body  linen 174 

crust  on  clothes..  154 
dresses  for  summer  175 
"   not  fit  for  win- 
ter   175 

mist....:.. 138 

vitriol 454 

Wicks,    cotton,     need 

snufling 80 

gas  of 262 

have  a  nob  when 

long 80 

not  upright  when 

long  80 

Painter's,  T\ee^  no 

isfnumns 80 

yekindiedqulckly  55, 58 
amoke. ........ ..    8) 
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See  candles. 
Will  o*  the  wisp,  {see 

ignis  fatuus) 266 

Wind ^.  268,296 

affects  barometer.  299 
"     clouds    125,127 

after  lightning 17 

altered  by  clouds..  276 

"    by  electricity  127 

"    by  seas .....  275 

always  blows 272 

brings  clouds 132 

"    dry 286 

"    rain 286 

cause  of 268,272 

changes  the  shape 

of  clouds..  123,125 

cold 171,184 

dispels  clouds  125, 133 

"      fog 210 

draws  up  fire 55 

dries  linen 295 

effects  on  air 268 

feels  hot  sometimes  169 
increases  clouds..  125 
makes    barometer 

faU 299 

makes    cliimneys 

smoke 67, 108 

near  mountains. ..  276 

of  a  morning 289 

of  an  evening 290 

prevents  dew 191 

velocity  of 293 

regular 277 

See  monsoouy  norths  sovih^ 
west,  <^c.,  trade-windSy 

Winding  passages  famed 

for  echoes 384 

Windows  blazing  with 

the  sun 347 

not  at  noon 347 

covered  with  frost  197 

"    mist  196 

carriage,  dull..,.  197 


Windows  rattle 887 

Wine-glasses  {see glasses. ) 
Wine,  fermentation  of  249 
made  without  yeast  254 

Winter  clothing 164 

Winters  less  severe  . . .  157 

Winter  cold 151 

promotes  hunger    90 

Wisdom  of  God  1o3,  166, 

193,  195,  225,  283,   289, 

328,333 

Wood  ashes  soften  water  322 

bums 46 

"  spontaneously    59 

charred 72 

hot  at  one  end,  cold 

at  the  other ....     55 
ignited  by  friction    97 

kindling    47 

dry 49 

"  wet  ....  49 
made  incombustible  49 
sends  forth  sparks  105 

snaps  . .. .' 103 

two  logs  burn  best    49 

will  not  melt 122 

Wooden  handles 156 

Woodpeckers  cry  before 

rain 141 

Wool  bad  conductor .  •  156 
collects  no  dew..  193 

warm 165,311 

Woollen  clothing 164 

kettle  holders..  157 
Work  produces  hunger    87 

Yeast 216 

makes  light  bread  275 
not  used  in  wine  245 
used  in  brewing..  215 

Yellow  flame  gives  l^st 

light 61 

soap  321 

sun-set  sign  of  wet  138 

Zig-zag  lightning 12 
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Above  proof. 449 

Abundance   of  dew  a 
sign  of  fine  weather  392 

Acetic  acid 446 

Acid  stains  removed..  420 

Acryle 447 

Agate 438 

Air  rots  wood 429 

Albumen 407 

Ale 443 

Alkali 420 

Alkaline  phosphates..  441 
of  meat  407 

Amellhyst 438 

Antidotes  for  poisons  452 

Apples  sour 446 

Aqua-fortis,  antidote  for  452 
Arsenic,    antidote    for  452 

Baking     dough     into 

bread 426 

Barometers      measure 

heights 406 

Barytes 451 

Beer 443 

sour  from  bad  cork- 
ing    444 

Below  proof 449 

Binoxide 394 

Birds  kept  in  feathers  428 
Black  earth  turns  red  402 
Blackness  from  decay  419 

Block-tin 451 

Bloodstones 438 

Blue    looks   green  by 

candle-light ..   393 

Blue  sky 439 

Boiled  lobster  red....  419 
shrimp  red....  429 

Boiler  bursts 395 

Boiling  meat 402 

stale  milk,  curdles  424 
Boiling  wood  makes  it 

ioft 437 


Paftt 
Books    discolored    by 

age 423 

Brazil  pebbles 438 

Bread 426 

full  of  eyes....  399 
hard  from  Jage . .  410 

mouldy 427 

new,  indigestible  410 

Bridges  increase  sound  433 

Brine  preserves  meat.  407 

Brown  paper  burns  well  393 

sticky  from 

rubbing..  405 

Brownstout 443 

Brushing  hair    makes 

the  head  it<;h 396 

Burning   glass   ignites 

paper 393 

Burton  ale 443 

Butter  hard  from  cold  412 
soft  from  heat.  412 

Caimgorum 438 

Candescence 431 

Candle  flickering 895 

Candle-wick  smell....  447 

Carbonic  acid 439 

Caries 447 

Casein 424,  443 

Caves  increase  sound.  413 

Cellularflbre 438 

Cellulin 414 

Chalcedony 438 

Champagne 448 

Chandelier  lustrous. . .  404 
Chaps  and  chilblains.^  402 

Cheese 425 

Chlorate  of  potash ....  417 

Chloride  of  lime 440 

Chlorine,  antidote  for.  442 

Chlorophyll 411 

Chucky  stone 438 

Churning  makes  butter  425 
Claret 448 
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Pace 
Clothinff  warm  if  loose  399 
Clouds  do  not  hide  light  439 

Citric  acid 446 

Citrons  sour 446 

Cold  affects  skin 402 

Color 396 

destroyed  by  dark- 
ness.   896 

faded  by  sun 426 

Contagion  prevented..  442 

Copper  bursting 895 

Copper  cankers 486 

Cork  of  soda-water  flies  401 
pops  401 

Cornelian 438 

shines,  if  wet  897 

Corrosive  sublimate. ..  440 

antidote  for  453 

Court  buttons ........  415 

Cream  made  butter. . .  425 

Creasote 444 

for  tooth-ache .. .  447 
to  remove  taint.  444 
Crombs  made  by  boil- 

inff 437 

Crystal 438 

Cup  filled  beyond  brim  455 
notifedgebewet  416 

Curdling  milk 423 

Curling     paper     with 

knives 418 

Currants  hard 443 

ripe,  soft 443 

Curtains  promote  heat  397 

Damp  lucifers 417 

of  decay 410 

Darkness  spoils  color.  896 
Decanter-stopple  sticks  418 
Decanting  liquor,  gur- 

f  l§s  .  f  t  r  ,  1 1 1  •  1 1  f ,  41^ 
pep^y,  *3^  T-ot 

black, t,,  .,,,t.  402 

Decay  of  teeth'.. :  447 

tjjeorjr  of.,,,,,  40? 


Dentine ^J 

Dextrin 427 

Diastase 427 

Doi^ble  doors  increase 

heat 397 

Double    reflexions    in 

glass 438 

Dough 426 

made  bread....  420 
Drops  of  water  spread.  406 
Dust  laid  by  night 401 

Effervescing  draughts.  420 

Egg  tarnishes  silver. . .  423 

tarnish  removed  by 

38alt 422 

Electricity  sticky 405 

Essential  oils 436 

Explosive  lucifers —  416 
Explosion  of  gunpowder  442 

FatsoUd 411 

Ficus ^....  448 

Filaments 487 

Fire  destroys  steel-pol- 
ish   418 

revived  by  brush  898 
by  poker  398 

quenched  by  sul- 
phur  421 

warps  wood 425 

Fire-works 461 

Fish  luminous 489 

Fixed  oils 486 

Flag-stones  loose  in  frost  396 
Flickering  of  candles . .  896 

Flint 438 

Flowers  bend  to  sun . .  429 
Fog  mak6S  sun  red ....  898 
Frost  loosens  pavement  ^99 

|»ungus,,.y.,,jj,,t,.  427 

Glasses  filled  above  brim  415 
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Pace 
Glazed  pictures  some- 
times invisible ... .  401 
Glazier  mending  a  win- 
dow  404 

Glue  adhesive 432 

Gooseberries  hard....  443 
soft,  if  ripe  443 

sour 446 

Grapes  sour 446 

Grease-spots  removed.  436 
Greasy  paper  unfit  for 

writing 435 

Green  fire- works 461 

fruit  hard 443 

wood  rots 413 

Grindstone  wet 425 

Guano 438 

Gum  adhesive 432 

Gunpowder  explosive.  442 
Gurgling  explained...  416 
Gutta  percha 448 

Hams  smoked 444 

Hard  bread 410 

soap 445 

Hartshorn  removes  acid 

stains 420 

Heat  warps  wood 425 

Hock 448 

Horn  shavings  opaque  404 

Humus 436 

Hydrate 436 

of  the  carbonate 
of  copper....  436 

Ice  in  India 434 

Ice-pits 434 

Indian  houses  kept  cool  435 

Indian-rubber 448 

erases  pencil  marks  429 
Indian-rubber  sticky..  405 

Indigo  blue,  white 420 

Infection  prevented...  450 

Ink 394 

Ink-spots  black 894 


Ink-sp6ts  removed ....  436 

turn  yellow  894 

Interstices 406 

Iodine,  antidote  for. . .  453 

Iris  ornaments 415 

Iron  bends 430 

galvanized 450 

hisses 430 

melts 431 

rusts 308 

turns  red ...,.,..  431 

turns  white 431 

Itch 440 

Itching  caused  by  hair 

brush 395 

Jeweller's  gold 459 

Knife     sharpened    by 
grindstones 426 

Lactic  acid 424 

Lamb  soon  taints 409 

tender 408 

Larks  roasted  with  lard  407 

Lather 399 

Laudanum,  antidote  for  452 
Lead  differs  from  solder  450 

Legumine 445 

Lemons  sour 446 

Ligneous  matter 414 

Light,  when  cloudy. . .  439 
Lightning    conductors 

pointed 421 

Likeness  reversed  in  a 

glass 417 

Lime  for  manure 438 

Lime-juice  cures  scurvy  440 

Limes  sour 446 

Linen  starched 421 

Liquor  gurgles 416 

Locomotive  whistle . . .  412 

Lucifer  matches 416 

spoilt  by  damp.  417 
Lustres  variegated  • .  •  •  403 
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Mannre  for  land 438 

Marking  ink 449 

Marl  for  manure 438 

Meadows  reverberate.  .433 
Meat,     directions     for 

boiling 408 

preserved 444 

tough  when  old  408 
overcooked  408 
boiled  in  cold 

water 408 

putrefies      from 

change 428 
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RECENTLY   PUBLISHED   BY 

C.   S.   FRANCIS  AND  COMPANY, 

3(19  BROADWAY,  MEW  YORK. 


DR.  A.    K.  GARDNER. 

THE  FRENCH  METROPOLIS. 

Paris  as  seen  during  the  Spare  Hours  of  a  Med 
iCAL  Student.     By  Aug.  Kinsley  Gardner,  M.  D." 
Second  edition,  reyised  and  iUustmted^  twenty  fine  steel 
engravingB,  by  Heath  and  others.    9»  ^ 


MRS.  KIRKLAND. 

A  NEW  HOME  — WHO  'LL  FOLLOW? 
Or,    Glimpses  op   Western    Life.     By  Mrs.  Mary 
Clavers. 

Fourth  edition,  revised  by  the  Author,  and  illustrated  by  ea- 
grayings,  from  Designs  by  F.  O.  C.  Darley.  f  i  25.  Ex- 
tra gilt,  $1  50. 


LIEUTENANT  REVERE. 

A  TOJfR  OF  DUTY  IN  CALIFORNIA: 

IirdLUDiNO  A  Description  of  the  Gold  Region.  With 
Notices  of  Lower  California,  the  Gulf  and  Pacific 
Qoasts,  &c.    By  Joseph  Warren  Revere,  U.  S.  N. 
With  a  Map  and  plates  ft'om  original  designs.    $U 


REV.   THOMAS   HILL. 

GEOMETRY  AND  FAITH. 

A  Fbaomentart  Supplement  to  the  Ninth  Bridos- 
WATER  Treatise.     37 i|  cents. 

<*  The  troths  of  Natural  Religion  are  impressed  in  indelible 
characters,  on  every  fragment  of  the  material  world.**-^ 
Bahhag; 
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PUBLISHED  BY  C.  8.  FRANCIS  AND  CO  ,    NEW  YORK. 
ORVILLE   DEWCY,    D.  D. 

DISCOURSES  ON  HUMAN  NATURE, 

Hdmav  LiPK,  ABD  TBB  Nature  OF  Religion.  1  vol.  $1. 

■• —  ON  THE  NATURE  OF  RELIGION, 

Aho  oh  Commerce  avb  Business.     1  vol.     $1. 

AND  REVIEWS 


Upon  Questions  in  Controyeilsial  Theologt  aiid 
Practicai<  Religion.     1  vol.     $1. 


WILLIAM  WARE. 

ZENOBIA,  OR  THE  FALL  OF  PALMYRA ; 
An  Historical  Romance. 

New  edition.    2  vois.  10mo.    Cloth,  fl  SS:  one  voL  gOt, 
-  $1  50:  on  large  superfine  paper,  one  vol.  8vo.  dotti,  $2  ; 
antique  or  mor.  $3  50. 

AURELIAN,  ROME  IN  THIRD  CENTURY; 
A  Sequel  to  Zbnobia^ 

New  edition.    To  match  Zenobia,  at  the  same  priofu 

JULIAN,  OR  SCENES  IN  JUDEA. 

2  vols.   92. 


REV.  SAMUEL  PSGOOD. 

STUDIES  IN  CHRISTIAN  BIOGRAPHY: 

Or,  Hours  with  Theologians  and  Reformers- 
1  vol.  l2mo.    $L 


HENRY   T.   TUCKERMAN. 

THOUGHTS  ON  THE  POETS. 

1  vol  13mo.   Third  edition.    76  cents.    Extra  gUt,  $1 : 
rocco,  $2.  « 


MRS.    HEMANS. 

MEMOIRS  OF  FELICIA  HEMANS. 

Bt  her  Sister.     With  an  Essay,  by  Mrs.  Sigonrney 
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PUBU8HED  BY  C.  8.  FRANCIS  AND  CO.,  NEW  YORK 
MARY   HOWITT. 

MARY  HO  WITT'S  STORY  BOOK: 
With  a  Portrait  of  the  Author,  and  lUustrationi. 
One  (hick  vol.    75  ceDts. 


MRS.  8.  C.    HALL. 

DOMESTIC  TALES. 

Containing— Thb  Mkrchant^s  Dauohtbr  ;  Tbb  Curss  or  Pbo- 
pirty;  Bkar  and  Forbbae;  Loat  Bbacty  ;  Thic  Privatk 
PcRBK  ;  Clkvkrnkss;  The  Govkrnbsb;  Dummy;  Turns  or 
FoRTUNK ;  All  is  not  Gold  that  Glittkrs  ;  Thbrb  is  mo 
Hurry. 

One  thick  vol  ISmo.  With  illufltrations.  76  cents.    Extra  gilt  f  1. 

MIDSUMMER  EVE. 

A  Fairi  Tale  or  Love. 

I  vol.  16mo.   With  illustrations.'  63  cents;  gilt  eTcenta 


CHARLES  AND    MARY    LAMB. 

TALES  FROM  SHAKSPEARE. 

For  the  use  of  Young  Persons.      With  forty  en* 
graviogs.   $1. 


TALES  OF  WONDER. 

SEVEN  VOYAGES  OF  SINDBAD  THE  SAI- 
LOR, 

And  the  Story  of  Ali  B aba  and  the  Forty  Robbers* 
From  Arabian  Nights  Entertainmenta.    1  voL  Illustrated.    50  cte.' 

ALADDIN  OR  THE  WONDERFUL  LAMP. 

From  Arabian  Nights  Entertainments.    1  vol.    Illustrated.    50ct& 


Wottvp. 


COLERIDGE. 

POETICAL  WORKS  OF  S.  T.  COLERIDGE : 

Oomplete  in  one  vol.  ]6nio.     |1;  extra  gilt,  |1  25. 
With  Introduetonr  Essay  on  his  Life  and  Writings,  by  H    C 

TVCXBRlfAM. 


PUBLISHED  Br  C.  S.  FRANCIS  AND  CO.,  NEW  TORK. 
WORDSWORTH. 

POEMS  OF  WILLIAM  WORDSWORTH: 

With  an  Introductory  Essay  on  his  Life  and  Writings, 
by  H.  T.  TucKERMAN.     With  a  Portrait.     $1 ;  ex- 
tra gilt,  $1  25. 
Containiiig  his  most  characteristic  and  beautiftil  pieces. 

THE   EXCURSION: 

One  vol.  16mo.     $1 ;  extra  gilt,  $1  25 
**Tbe  noblest  poem  in  the  English  langoage  since  Milton's  ParadiM 
Lost.*'— I>ano. 


SPRAGUE. 

WRITINGS  OF  CHARLES  SPRAGUE: 

A  New  and  revised  Edition,   with   fine  steel  Portrait,  fiom  a 
pictore  by  Harding.    1  vol.  16mo.    63  cents. 


THOMAS  MOORE. 

LALLA  ROOKH ; 

An  Oriental  Romance. 

A  New  Edition,  in  one  handsome  volume,  with  steel  {date.    CloCli 
75  cents.  Superfine  paper,  gilt,  cloth,  $l  25 ;  morocco,  $2 

IRISH  MELODIES  AND  SACRED  SONGS : 

From  the  last  London  edition.    75  cents ;  extra  gilt,  f  1. 


MRS.   NORTON. 

THE  POEMS  OF  HON  MRS  NORTON  : 

Inclading  The  Dream,  The  Child  of  the  Islands, 

and  Minor  Poems. 
(teevoL  16mo.  with  Portrait.    Cloth,  $1;  extra  gilt,  fl  60;  Mo- 
rocco, $2  60. 


ELIZA  ROBBINS. 

POETRY  FOR  SCHOOLS ; 

Designed  for  Reading  and  Recitation.  The  whole  se- 
lected from  the  best  poets  in  the  English  language. 
A  new  and  revised  Edition.  With  Additions.    87^  oft. 

This  edition  has  been  carefully  revised,  and  is  enriched  by  i 

qpecimeos  from  the  best  American  Poets. 
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MERRY    TALES 

roB 

ILLUSTRATED  WITH  NUMEROUS  PICTURES. 


One  vol,^  doth  giU,  75  eta. ;  extra  gUt^  $1. 


Contents. 


The  Three  Bean. 
O-o  odf  Two  Shoes. 
Sir  Gnjr  of  Warwick. 
Tom  Hickathrift. 
The  Oharmed  Fawn. 
The  Three  Cats. 
The  Elv-es  of  tiie  Forest 
The  Elfin  Flongh. 
The  Nine  Monntains. 
The  Wishing  Dajr. 
Johnnf  and  Lisbeth. 
Little  Fisher  Boy. 


Sans  in  Lnck. 

aiant   and    brave    little 

Tailor. 
Peter  the  Groatherd. 
Red  Jacket. 
Three  Grolden  Hairs. 
Jew  in  the  Bramble  Bush. 
The  Discontented  Ca\   ' 
The  King  of  the  Swais. 
The  Black  Brothers,  a-d 

the  King  of  the  Golden 

RiTar. 


A  new  collection  of  some  of  the  best  Legends 
and  Fairy  Tales  for  young  people,  free  from  all 
exceptionable  matter.  Most  of  which  have  never 
before  been  published  in  this  country. 


PUBLISHED  BY  C.  8.  FRANCIS  AND  CO  ,  NEW-70RS 

Xnteres tins  dSiamts* 

THE    PICKWICK    CARDS^ 

Invented  by  Samuel  Weller,  for  the  Entertainment  of  h\» 
Friends,  Old   and  Young. 

T*enty-^Te  Cards,  anclosed  in  •  neat  case ;  each  card  having  oa  ita 
,  Kene  or  character  from  the  writings  of  Dickeus;  with  directions  for 

R tying  three  diflerent  games,  for  the  amusement  of  evening  partiea. 
ice  50  cents. 


SHAKSPERE  IN   A   NEW   DRESS. 

Thirty  Cards,  containing  fifty-two  choice  quotations  from  Shaka> 
pare,  with  a  list  of  questious,  to  be  answered  from  ths  cards.  So 
arranged  as  to  form  au  interesting  round  game,  witii  forfeits. 

Price  50  cents. 


NEW    FORTUNE-TELLER. 

■  THE  ORACLE  OF  FORTUNE,  and  Guide  to  WeaUh 
and  Success. 
**  Thnse  interesting  Cards  combine  all  the  information  necessary  ta 
secure  WeHlth,  and  Success  in  matters  of  Love  or  Money ;  tiiey  ara 
constructed  on  the  principles  which  the  late  Baron  Rutlischild  found 
BO  eminently  successful,  and  combine  the  requisite  mixture  ofslirewd 
•uggestious.  wise  calculations,  and  cautious  adwouitiouii,  to  direct  any 
one  in  the  way  to  good  luck."    Price  50  cents. 


THE  BOY'S  OWN    BOOK. 

A  Complete  Encyclopedia  of  all  the  Diversions,  Athletic, 
Scientific,  and  Recreative,  of  Boyhood  and  Youlh. 

Including  Games  with  Marbles,  Tops,  Balls,  Sports  of  Agility  and 
8)iced,  Toys,  Archery, Cricket,  Gymnastics.  Swinuuiiig;  Arithmetical, 
Optical  and  Chcmic^  Amusements ;  Checkers,  Cardci,  Legerdemain, 
Puzzles,  Riddles,  Angling.  Fencing,  SLc.Slc.&c.  With  very  numerous 
engravings. 


THE  AMERICAN   aiRL'S   BOOK; 

Or,  OCCUPATION  FOR  PLAY  HOURS.  By  Miss  Leslie. 

Including  all  the  Sports  and  Pastimes  suited  to  Girls  ;  Plays  with 

.  Toys,  Gunies  wttli  Cards,  Kiddles,  Amusing  and  Fancy  Needle- IVork, 

Card- Work,  &c  Ac.  .      »  "•  J  -• 


This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below. 

A  fine  of  five  cents  a  day  is  inciured 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 
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